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REMOTE  TROPOSPHERIC  RACIC  COMMUNICATION. 

I.  A.  Gusyatinskiy,  A.  S.  Hemircvsniy,  A.  V.  Sokolov,  V.  N .  Troitsk/y. 


Page  2. 

In  the  bock  are  presented  guestions  of  the  transmirsion 
multichannel  and  television  signals  on  radic  relay  lines,  which  use 
an  effect  of  the  remote  tropospheric  propagation  of  vhf. 

Are 

z  id  the  mechanisms  cf  remote  tropospheric  propagation  of  VHF, 

special  feature/peculiarity  of  the  passage  of  radiosignals  through 
the  troposphere  and  the  different  methods  of  the  diverse 
reception/procedure.  Analyzed  fxeguency  and  phase  characteristics  of 
the  circuit  of  propagation  in  the  troposphere  and  are  derived 
formulas  for  calculating  the  thermal  and  transient  interferences  with 
multichannel  telephony  at  the  output  of  cne  section  of  tropospheric 
line.  To  remaining  chapters  they  are  dedicated  antenna  feeder. 
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The  book  is  of  large  interest  for  the  engineers  of  radio 
communications. 

Illustrations  144. 

Tables  3. 

Eibliographies  100. 

Page  3. 

Ereface. 

Development  of  contemporary  technology  led  to  the  need  for  the 
rapid  and  exact  solution  of  the  problems  of  control  and  coordination 
taking  into  account  the  events,  cccuring  at  large  distances  from  the 
control  centers.  In  this  case  sharply  increased  the  role  of 
communication  not  only  it  tne  diagram  of  "man-man",  tut  also  for  the 
data  transmission  in  the  system,  which  connects  between  themselves 
two  electronic  computers.  Tne  character  of  the  transmitted 
information  in  this  case  causes  special  requirements  for  the  circuit 
first,  an  increase  in  the  tranmissron  ability  of  communicating 
systems,  and,  in  the  second  place,  an  increase  in  the  requirements 
for  reliability  and  quality  of  trarsmission. 
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One  of  possible  technical  equipment,  which  satisfy  the  stated 
requirements  under  conditions  of  the  sparsely  populated  and  almost 
inaccessible  areas  of  terrestial  globe,  is  communication  equipment 
with  the  aid  of  the  lines  of  remote  tropospheric  propagation  of  ultra 
short  waves  (DTS) . 

The  wide  development  of  the  network  of  the  tropospheric  lines  of 
communications  (to  January  19o5  in  entire  world  were  counted  mere 
than  70  thousand  km  of  lines  DTB)  confirms  their  expediently  uses, 
especially  in  those  areas  where  are  hindered/hampered  (or  they  are 
impossible)  construction  and  operation  of  usual  radio  relay  lines. 

The  proposed  to  the  reader  bock  is  dedicated  to  the  study  of  the 
problem  of  the  transmission  of  broadband  multichannel  signals  along 
the  radio  relay  lines,  which  use  an  effect  cf  the  remote  trcpcspheric 
propagation  VHF. 

It  rests  in  the  larger  part  cn  the  original  works,  carried  out 
by  collective  writers  in  the  period  1959-1967. 

The  book  assumes  knowledge  by  the  readers  cf  the  fundamental 
policies  of  radio  engineering  VCZ  £  BV3  *  Institute  cf  Higher 
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Education];  it  is  intended  to  engineers  and  tc  scientific 
who  work  in  the  area  of  exploration,  planning  and  '  '«r  itic:,  cf 
tropospheric  ccaaunicating  systems  and  can  te  use  *fccn  .  •  *  -  ■» 

students  o£  senior  courses  at  VU2. 

Sections  of  a  bock  ace  written;  Chapter  i,  55  , 

6.1,  6-2,  7.1  and  7.3  -  cy  A.  S.  Keairovsxiy.  chapter  1  -  ■ 

Trcitsky.  Chapter  3,  §§  4.3,  4.4  -  by  I.  A.  Gusyatinsmv.  .11:  , 

(with  exception  §§  5. 3-5. 5  and  5.11)  -  by  A.  v.  Sckclcv.  4  ,  >.  ..  < 

-  by  T.  G.  Tarakanova,  5.3,  5.4,  5.5  -  B.  £.  Nadenenkc,  ;  f.  1  '  - 
by  Yu.  N.  aargolin,  §  6.5  -  E.  Ya.  Ryskin,  §  7.2  -  ty  1.  L.  Facerncv. 

The  authors  are  sincerely  grateful  to  the  reviewer  of  the  bock 
V.  V.  Harkov,  who  gave  the  nuaber  of  valuable  councils,  taken  intc 
consideration  by  the  authors  during  final  preparation  of  the 
aanuscript  for  the  publication. 

Responses  and  observations  about  the  beck  should  be  guided  intc 
the  publishing  house  ffvyiga  »  (flcscow-Center ,  Chistcprudnyy  avenue, 

2) .  Svyi* 
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Page  4. 

Chapter  1. 

FE& TUBES  OF  THE  3EMOTE  TBCPCSEHEfilC  PROPAGATION  OF  OLTRA  SHOFT  WAVES. 

§  1.1.  On  the  nature  of  tne  phenomenon  of  the  remote  tropospheric 
propagation  of  ultra  short  waves. 

Heterogeneities  of  the  lower  layers  of  the  atucsphere. 

The  effect  of  the  atmosphere  cn  the  propagation  of  ultra  short 
waves  is  connected  in  essence  with  the  fact  that  the  dielectric 
permeability  of  air  *  is  not  a  constant  value  and  depends  or 
temperature,  pressure  and,  air  tumidity 


where  T  -  temperature  of  air  in  °K; 

P  -  pressure  in  the  millibars; 

e  -  vapor  pressure  in  the  lillibars. 
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It  is  well  known  that  the  temperature,  pressure  and  air  humidity 
change  in  the  space  and  in  the  time;  therefore  the  same  changes 
according  to  (1.1)  undergoes  value  s.  ~£hree-dimensicnal/space  changes 
"  have  both  regular  and  irregular  character.  Regular  changes  with 
the  altitude  cause,  as  is  known,  the  phenomenon  cf  the  refraction  cf 
radio  waves.  Os  subsequently  in  essence  they  will  interest  irregular, 
random  heterogeneities  s.  which  cause  reflection  and  scattering  cf 
ultrashort  radio  waves.  These  heterogeneities  •?.  which  have  different 
dimensions  and  forms,  ccntinuously  are  modified  in  the  time,  they 
disappear  and  appear  againj they  move  with  the  flew  cf  air  masses, 
creating  the  complicated  picture  cf  random  fluctuations  in 
atmosphere . 

Random  fluctuations  ?  it  is  possible  tc  divide  into  twe 
fundamental  forms;  1)  laminar  heterogeneities  even  2)  the 
heterogeneities,  connected  with  vortex,  turbulent  air  motion. 

The  laminar  heter egeneities  of  the  atmosphere  are  encountered 
they  are  very  frequently  and  caused  by  the  test  diverse  reasens. 

First  of  all,  such  het er egeneities  include  the  layers  with  small  or 
even  negative  gradients  cf  the  temperature  (i.e.  the  layers  where  T 
increases  with  the  altitude). 


Such  layers,  which  are  statle  formation,  they  usually  call 
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inversions. 

Page  5. 

Inversions  block  vertical  air  action  and  therefore  are  trapping 
layers,  which  are  accoipenied  by  different  divergences  in  change  the 
air  humidity  and  wind  velocity.  An  abrupt  change  of  tne  absolute 
humidity  in  inversion  layer  is  caused  by  the  fact  that  the  inversion 
delays  the  admission  of  water  vapors  into  the  overlying  layers  where 
the  air  proves  to  be  drier.  As  can  be  seen  frcm  (1.1),  the 
temperature  rise  and  the  drop  in  tne  humidity  with  altitude  in 
inversion  layer  create  extremely  favorable  ccrditions  for  forming 
irregularities  of  dielectric  permeability. 

Most  essential  for  us  are  the  inversions  cf  free  atmosphere, 
i.e.,  inversion,  encounter  at  the  altitudescf  mere  than  500  m.  They 
include  so-called  subsidence  temperature  inversion  which  frequently 
are  formed  in  the  anticyclonic  conditions  when  the  upper  air  layers 
are  omitted  down  due  tc  the  spreading  of  lower  layers  and  in  this 
ad iabatically  are  heated.  Sucn  inversions  have  large  extent  in  the 
horizontal  plane  and  ccnsideranle  intensity.  Eyramic  inversions  are 
developed  in  the  layers  witn  high  wind  velocities.  The  rapidly  movina 
flew  draw-in  air  of  the  layers  with  the  lower  speed  of  the  wind.  In 
this  case  on  the  upper  tcund  of  layer  high  velocities  are  created  the 
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descending  motions  and  temperature  is  raised,  and  o 
it  is  reduced. 

Inversions  appear  also  due  to  different  transp 
the  different  layers  due  to  the  presence  in  the  atm 
vapors,  clouds  and  dust.  Layers  with  the  increased 
droplets  of  water,  water  vapors  and  dust  can  te  war 
solar  radiation  considerably  sore  strong  than  surro 
passage  of  fronts  also  sometimes  causes  the  appeara 
due  to  the  stratification  of  the  warm  air  atcve  the 

One  of  the  important  reasons  ror  the  appearanc 
heterogeneities  s  of  laminar  character  is  the  pres 
cloudiness;  on  the  boundary  of  cloud  occurs  a  rathe 
the  absolute  humidity  of  air  and  a  noticeable  chang 
temperature,  which  leads  to  abrupt  change  e  in  the 

The  heterogeneities  cf  laaanac  character  acpea 
of  the  horizontal  movement  cf  air  masses  which  were 
differently  above  the  different  parts  of  the  earth' 
result  of  the  convection  cf  warm  air,  due  tc  the  in 
waves  and  many  other  reasons. 

Heterogeneities  o  cf  laminar  character  have  t 


n  lower  boundary 
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tenths  of  meter  to  several  hundred  meters.  Increment  c  in  such 
layers  oscillates  from  1C“6  to  (5-10)  •10~s.  The  extent  of  laminar 
heterogeneities  in  the  horizontal  plane  is  changed  also  over  vile 
limits:  from  tens  of  meters  to  tens  of  kilometers. 

The  heterogeneities  of  the  second  form  are  caused  by  turbulent 
air  motion  as  a  result  cf  the  inequality  of  the  earth's  surface, 
nonuniforaity  of  its  heating  and  other  reasons. 

Page  6. 

The  eddy,  which  was  teinc  formed  in  one  region  of  the  atmosphere,  is 
moved  into  other  regions,  assuming  to  known  degree  the  temperature 
and  the  humidity  of  initial  region.  Therefore  this  vertex  forms  th<= 
local  heterogeneity,  which  has  cn  the  average  spherical  form. 
According  to  the  general  theory  of  turbulence,  developed  by  A.  S. 
Kolmogorov  and  A.  M.  Obukhov,  the  turbulent  action  begins  from  the 
formation  of  large-size  vortices  (approximately  of  the  same  order 
as  the  size  of  entire  flew  as  a  whole) .  These  vortices  during  their 
motion  gradually  are  diminished,  being  converted  into  the  vortices  c 
smaller  dimensions.  In  this  case  the  intensity  cf  turbulent  motion 
falls,  since  with  the  decrease  cf  size  cf  vortex  increases  the  rcle 
of  viscosity.  Energy  of  tne  smallest  vortices  is  converted  into  the 
heat.  This  leads  to  the  fact  that  in  the  atmosphere  constantly  and 
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simultaneously  there  are  vortices  cf  different  sizes.  Therefore  it  is 
possible  to  speak  about  the  continuous  spectrum  of  heterogeneities 
caused  by  turbulent  action.  In  this  case,  the  less  the  diiensicr 
of  heterogeneity,  the  smaller  Bill  be  the  in  it  increment  s.  which  is 
noted  by  the  known  law  cf  two  thirds,  according  to  which 

/  {D  =  .7t  —  ^  3in\  ( !  .2) 

where  and  -  value  at  pcints  1  and  2,  -  a  distance 

between  these  two  points,  and  B  -  constant.  Here  line  above  the 
bracketed  expression  indicates  average  value.  Value  —  »\r,  which 
characterizes  random  heterogeneities  is  called  of  structural 
function.  For  the  varied  conditions  the  constant  B  takes  different 
values. 

Thus,  in  the  atmosphere  Simultaneously  there  are  heterogeneities 
of  different  nature  and  various  forms  which  continuously  move  and 
change.  The  quantitative  description  cf  these  heterogeneities 
presents  considerable  difficulties.  Usually  they  assume 

where  -  average  value  and  As  -  random  variable,  which  changes 

in  the  time  and  in  the  space,  in  this  case  it  is  assumed  that 
function  is  statist ically  stationary,  although  the  latter 

position,  apparently,  is  not  entirely  correct.  For  the  statistical 
description  of  fluctuations  they  use  either  structural  function  or 
three-dimensional/space  correlation  function. 
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1 1.3) 


where  l  -  distance  between  feints  1  and  2.  In  general  p(£)  defends 
not  only  on  distance  l,  but  alsc  on  direction  of  the  vector  t, 
carried  out  from  point  1  into  pcint  2. 

Eage  7. 


Between  structural  function  (1.1)  and  correlation  function  (1.3) 
there  is  the  single  tore 

p(7)  -L/j' 7) . 

'  o  1  V  / 

i 

Both  the  structural  function  £  (*)  and  correlation  function  p  (t)  can 
te  determined  experimentally  with  the  aid  cf  the  measurement  cf 
fluctuation  e  in  the  atmosphere.  The  experimental  data  about 
heterogeneities  e  of  the  atmosphere  thus  far  are  very  limited  and 
incomplete,  first  of  all,  due  tc  the  insufficiency  cf  the  space  of 
such  measurements  and,  furthermore,  due  to  the  insufficient 
instrument  accuracy  with  aid  of  which  are  measured  these 
heterogeneities.  In  mere  detail  with  the  experimental  data  atcut 
fluctuations  e  in  the  atmosphere  it  is  possible  to  be  introduced  in 
work  [1.1].  Experiments  show  that  the  intensity  cf  fluctuations  e, 
value  Aei  slowly  decreases  with  the  altitude  approximately  according 
to  the  same  law,  as  value  el  which,  speaking  in  general  terms, 
exponentially  falls  with  the  altitude.  At  the  altitudes  from  1  tc  3 
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km  the  standard  deviation  of 
interval  of  averaging  cn  the 


value 

Ae 

comprises 

order 

of 

1  km . 

(1-3)  •  10  6  with  the 


Beflecticn  and  scattering  of  ultra  short  waves  ty  atmospheric 
irregularities . 


Then  tropospheric  propagation  is  caused  ty  the  re-emissicn 
^~~lscat ter ing  or  reflection)  of  ultra  short  waves  ty  heterogeneities 
which  were  discussed  above,  let  us  pause  in  greater  detail  at  the 
nature  of  this  phenomenon. 

As  is  known,  ultra  snort  waves,  in  particular  centimeter  and 
decimeter  ranges,  possess  the  comparatively  weak  ability  to  go  around 
obstructions  due  to  the  phenomenon  of  diffraction.  Therefore  for  the 
transmitting  station  the  earth's  surface  creates  the  rather  sharp 
boundary  between  that  illuminated  and  that  shaded  by  regions.  The 
same  boundary  is  formed  also  from  the  side  flatten  stations  (Fig. 

1.1).  "the  reception  of  waves  proves  to  be  possible  only  from  certain 
space,  horizontal  above  intersection  cf  tangents  to  the  earth's 
surface,  carried  out  through  the  corresponding  points.  If  in  this 
space  prove  to  be  heterogeneities  s,  then  such  heterogeneities  will 
cause  reflection  and  scattering  cf  the  incident  cn  them  wave.  The 
part  of  the  scattered  or  reflected  energy  can  achieve  receiving 
point.  Because  at  large  distances  (it  is  more  than  100-150  kn) 
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diffraction  field  on  VHf  proves  to  be  negligibly  small,  the  field, 
re-enitted  with  heterogeneities  a.  will  be  furdamental,  although  its 
value  also  small. 

Por  determining  the  field,  re-emitted  with  heterogeneities,  they 
use  the  usually  following  aetnod. 

Page  8. 

In  view  of  the  fact  that  As  -n  and  B<<E0,  where  E  -  strength  of  the 
re-emitted  field,  and  E0  -  strength  of  the  field  of  the  incident 
wave,  in  the  equations  of  Maxwell  leave  only  the  members  where  At-  and 
E  enter  to  the  first  degree  (Earn  approximation),  as  a  result  for  the 
re-emitted  field  is  obtained  the  following  exjressicn: 

5  =  -'--A,:,  (1.4) 

J.-T  j  r: 

j 

where:  x=  ~  -  wave  n  rater, 

E0  -  strength  of  the  field  ot  the  incident  wave, 

r2  -  a  distance  frca  the  current  point  tc  the  point  of 
reception , 


a  -  the  space  in  which  are  located  the  heterogeneities. 
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After  averaging  on  tne  space  and  passing  to  the  attenuation 
factor  is  not  difficult  tc  cbtain 


Here  '  -  distance  frca  the  transmitter  tc  the  current  point,  r 

-  distance  froa  the  current  point  to  the  pcint  cf  reception.  Under 
the  integral  sign  will  cost  already  known  frca  the  preceding  section 
correlation  function  o«i)=_\cA e'. 
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Fig-  1.1.  Space  of  re-eaissicn. 


Page  9. 


Equality  (1.5)  can  fce  recorded  otherwise 


!  -  aii  - —  «  i  f  ■ 

•'  'Vj 

a' 


(’..0) 


here  A.-  =  (  ,W.  d  =  r-  -  -  toe  distance  between  corresponding  points, 

and  P  -  reflection  coefficient  fro*  the  only  heterogeneity,  which  ha 
the  fora,  depicted  as  correlation  function 


F 


K'^d  (•  exp  !  —  i  (/•,  ~r.—  r.—r2)  , 

— — -  -  l  0 - - -  t*G  . 

4.*T  J  rir2 


U.T) 


Thus,  expressions  (1.5)  and  (1.6)  sake  simple  sense.  The  first 
integration  indicates  the  deter lination  of  reflection  coefficient 
from  one  certain  averacec  heterogeneity  whose  fern  is  determined  by 
the  fora  of  the  function  of  correlation,  and  the  second  integration 
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indicates  the  addition  cf  fields  from  all  heterogeneities,  located  in 
space  a' . 


Let  us  now  examine  tae  behavior  of  reflection  coefficient  or, 
are  more  accurate,  the  coefficient  cf  re-emissicn  based  on  the 
example  of  the  correlation  function  of  the  form 


p  =  A^  expT  — 


fx  —  x')* 

If 


(y  —  il'y- 
<\  ■ 


where  x,  y,  z  -  rectangular  coordinates,  and  -  the  so-called 

scales  of  heterogeneities  in  the  horizontal  and  vertical  planes.  If 
heterogeneity  has  the  pancaxe  form,  elongated  in  the 
horizontal  plane.  The  computation  cf  integral  (1.7)  with  the  steepest 
descent  method  for  p  fen  (1,8)  leads  to  the  following  result: 


x1  i--»  y(2.D5 

£«  y"a 


i 

- exp 

'V* 


I 


—  S* 


I  —  (cos  li-'i  —  COS  Vj r  — 
L  Yi 


I 

Yi 


(sin  ip!  —  sin 


(i.91 


For  simplicity  it  was  here  assumed  that  the  center  of 
heterogeneity  was  located  in  the  vertical  place,  passing  through  the 
corresponding  points.  Value  E  is  determined  by  the  expression: 

4 


3  —  yi 


it 

‘l 


.2  !  ,  .2  1  .  ,  ,  1 
—  j  —  —  cos-  U'i  —  j  - - sir.’  ik.  i  ; 

1  J  n«  T*  J  .■>  n*  T"  l 


q  O' 


l\  D' 


'J 


-  this  the  angle  between  the  direction  in  the  transmitter  and  the 
horizontal  plane,  ’fi  -  au  angle  between  the  direction  in  the 
receiving  point  and  the  same  plane  (Fig.  1.2); 
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Yi 


2.1  2  ,  .  1 
,2  '  J  D*  •  Y*  £  ^  J  D*  ’ 


D~  | /"-1-  ~  size  cf  tte 

perpendicular  to  direction 


first  Fresnel  zone 
cf  propagation. 


in  the 


plane , 


Page  10. 


From  (1.9)  it  follows  that  the  maximum  value  p  will  have  in  th 
direction  of  incident  nave  ^1  =  — 1 ‘-pi-  This  maximum  corresponds  to 
re-emission  forward.  Besides  it,  is  a  maximum  near  the  direction  of 
the  mirror  reflection  when  This  maximum  is  feasible,  if  .  >> 

and  d<  it  corresponds  to  the  mirror  reflected  wave.  The  diagram  c 
the  re-emission  of  energy  by  irregularity  in  the  vertical  plane 
proves  to  be  by  such  as  it  is  depicted  in  Fig.  1.3. 
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Pig.  1.2.  Fig.  1.3. 


Fig.  1.2.  To  computation  or  field  level,  re-enitted  with 
heterogeneities  of  troposphere. 

Fig.  1.3.  Radiation  pattern  of  re-emission  of  energy  ty 
heterogeneity. 

Key:  (1).  Porward  scattering.  (2).  Tncident  wave.  (3).  wavs 
reflected. 

Page  11. 

with  the  decrease  of  siaes  of  neterogeneities  of  less  than  the 
Fresnel  zone  the  maximon  m  the  iirror  direction  disappears  and  we 
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In  the  case  of  re*cta  tropospheric  propagation  in  view  cf  the 
geometry  of  route  'Pi  differs  little  from  ts  in  the  essential  part  of 
space  a1;  therefore 

F  —  — •  l-  I2kz  exp  ' —  i.r.2  y\ ,  (  - .  •  • ) 

where  ^  =  ^1  =  ^3. 


This  is  -  known  expression  for  relative  value  cf  the  scattered 
energy  in  the  case  of  the  correlation  function  cf  fern  (1.8).  Another 
extreme  case  -  reflection  trea  the  layer  -  we  will  obtain  from  (1.9), 
assuming  (.,  —  00; 


ho  ”P  [—  x^sin*  - 

:  ,■  ■  ■  -  Kij - - 

2  («  sin  jj 


This  expression,  naturally,  coincides  with  the  known  expression 
for  the  reflection  coefficient  fret  the  layer  whose  form  is 

determined  by  Gaussian  function  Ae  =  Aeaexpi obtained  bv  ether 

v  *2  / 

methods.  From  equalities  (1.11)  and  (1.12)  it  is  evident  that  the 
cases  of  scattering  and  reflection  differ  radically  from  each  other 
in  form  of  dependence  cf  F  on  the  wavelength,  dimensions  of 
heterogeneities  and  ancle  v-  Kith  guasi-mirrer  reflection  (1.12)  the 
dependence  on  angle  y  is  sharper  and  from  the  wavelength  weaker  than 
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during  pure  scattering  (1.11). 

By  analogous  method  it  is  possible  to  find  value  of  P  fcr  ether 
forms  of  the  function  cf  correlation.  Just  as  fcr  the  case  of 
Gaussian  correlation  function  (l.d),  the  fcrtt  cf  dependence  cf  F  cn 
the  wavelength  of  angle  will  be  changed  with  a  change  in  the 
character  of  re-eaissicn  (quasi- mirror  reflection  or  scattering).  The 
real  heterogeneities  of  the  atmosphere  have  very  complicated 
structure.  In  the  atmosphere  there  is  constantly  a  whole  spectrum  cf 
both  laminar  heterogeneities  anc  heterogeneities  cf  isotropic 
structure:  therefore  the  ccaputaticn  cf  attenuation  factor  in  the 
case  of  remote  tropospheric  propagation  proves  tc  be  sufficiently 
complex  problem.  It  is  further  coaplicated  ty  the  fact  ,  that  we, 
until  now,  do  not  have  available  statistically  reliable  data  about 
heterogeneities  e  of  tne  atmosphere.  However,  general  laws  it  is  net 
difficult  to  explain  frea  equalities  (1.5),  (1.6)  and  (1.11),  (1.12). 
Eased  on  the  example  tc  the  correlation  function  cf  ferm  (1.3)  we 
note  that  the  re-emitted  field  possesses  large  directivity. 

Page  12. 

Both  possible  maximum  cf  re-emission  (straight  line  and  mirret)  at? 
sufficiently  acute,  since  value  in  { 1 .  1C)  is  great  in  view  cf  the 

fact  that  the  dimensions  cf  heterogeneities  are  considerably  greater 


1 
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wavelength. 

i 

i 

| 

Therefore  space  a ',  wnicn  we  will  call  the  tropospheric  space  cf  j 

( 

f 

re-emission,  sharply  will  he  restricted  cn  the  altitude,  since  the  j 

heterogeneities,  located  highly,  will  not  participate  in  the 

» 

formation  of  the  field  in  the  place  of  reception  in  view  of  the  sharp  j 

drop  P  with  increase  and  ■.  Then  it  is  possible  tc  speak  also 
about  the  heterogeneities  of  the  atmosphere,  located  beside  the 
route.  The  radiation  pattern  cf  re-emission  ic  the  horizontal  plane 
is  also  narrow:  therefore  the  space  of  re-emission  will  be  limited, 
also,  in  the  horizontal  plane,  let  us  note  that  in  the  case  cf  the 
scattering  when  <<D,  the  directed  properties  of  re-emissions  less 
and  the  dimensions  of  the  re-emitting  space  mere  in  comparison  with, 
the  case  cf  quasi-mirrer  reflection. 

Thus,  during  the  remote  tropospheric  propagation  in  the  process 
of  the  re-emission  of  energy  participates  limited  region  of  space  - 
tropospheric  space  of  re-emission  a*.  Specifically,  by  this  space 
actually  is  conducted  integration  in  (1.6).  Tte  angular  dimensions  cf 
this  volume  are  determined  ty  tte  properties  cf  heterogeneities, 
i.e.,  by  their  dimensions,  wavelength  and  by  angle  \p  or,  which  is 
the  same,  by  distance.  In  tne  case  when  are  applied  the  pencil-bean 
antennas,  the  space  cf  re-emissicn  can  be  determined  by  the  antenna 
radiation  pattern,  if  the  angle  or  antenna  directivity  becomes  less 
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than  angular  dimensions  tropospheric  volume  cf  re-emission  a'. 

§  1.2.  Dependence  of  the  average  signal  level  cn  the  distance. 

The  dependence  cf  the  average  value  of  3ttenuaticn  factor  :roi 
the  distance  is  connected,  in  the  first  place,  with  the  dependence  cf 
the  coefficient  of  re-enissacn  t  cn  angle  The  value  cf  ancle  v- 
in  the  space  of  re-emission  is  determined  by  the  geometry  cf  rcutp. 
Roughly  it  is  possible  tc  consider  that  angle  'fi  is  equal  tc  the 
half  geocentric  angle  *  (Pig.  1.4).  With  an  increase  in  the  distance, 
i.e.,  with  an  increase  *,  increases  >?c.  and  consequently,  according  to 
(1.11)  and  (1.12)  or  analogous  equalities  for  other  forms  cf  the 
function  of  correlation  falls  value  F.  If  the  dimensions  cf 
heterogeneities  are  small  '  <C) ,  then  occurs  usual  scattering  and 
dependence  of  V  on  angle  '■P  is  net  as  acute  as  with  >>D,  when  is 
observed  quasi-mirror  wave  reflection  frem  the  heterogeneities. 
Therefore  in  the  first  case  dependence  of  V  cr  the  distance  proves  tc 
te  weak  in  comparison  with  large-size  case  cf  heterogeneities.  Great 
effect  on  dependence  of  \  cn  the  distance  exerts  change  with  the 
distance  of  the  dimensions  cf  the  space  cf  re-e»issicn.  In  fact,  with 
increase  >fc  and,  therefore,  and  according  to  (1.9)  or  similar 
equalities  for  other  fens  cf  the  function  of  correlation  the 
directivity  of  the  characteristic  cf  re-emissicn  increases  and 
therefore  decrease  the  angular  dimensions  of  the  space  of  re-emissicr. 
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a  • . 

Page  13. 

Consequently,  with  the  conidirectional  antennas  the  angular 
dimensions  of  the  space  cf  re-eaission  fall.  Cn  the  ether  hand,  with 
an  increase  in  the  distance  with  constant  quantity  cf  the  angular 
dimension  of  space  a'  its  geometric  space  increases  proportionally 
d3.  Therefore  in  depending  cn  tfce  characteristics  of  heterogeneities 
and  line  of  wave  the  value  cf  the  space  cf  re-eirissicn  will  either 
increase  or  fall  from  the  distance,  flith  the  pencil- team  antennas 
when  space  is  determined  by  the  intersection  cf  the  antenna  radiation 
patterns,  the  dimensiers  of  the  space  of  re-emission,  obviously, 
increase  with  the  distance  piopcrtiona.il  y  d3. 

Another  factor,  which  affects  the  course  cf  the  average  value  cf 
signal  level  with  the  distance,  is  change  with,  the  distance  cf 
alt it ude  of  space  of  re-eaissicr.  It  is  cbviccs  that  with  an  increase 
in  the  distance  the  altitude  cf  the  space  of  re-emission  above  the 
earth's  surface  increases.  Since  the  average  intensity  cf 
heterogeneities  _\i-  falls  trea  the  altitude  l,  this  phenomenon  causes 
an  increase  in  the  rate  cf  the  drop  in  signal  with  the  distance. 

FOOTNOTE  *.  The  intensity  of  heter egenei ties  falls  from  the 


DOC 


80025101 


E  AGE  24 


altitude  in  view  of  the  fact  tnat  falls  absolute  value  e  and, 
furthermore,  due  to  the  distance  from  earths  surface,  which  flays 
large  role  in  the  formation  of  heterogeneities.  ENDFCCTNOT2. 

With  an  increase  in  altitude,  afparently,  is  changed  not  only  value 
-is2.  but  also  dimensions  cf  heterogeneities  and  their  form,  which 
also  superimposes  its  iapressicc  cn  dependence  cf  V  on  the  distance. 

Thus,  the  dependence  of  attenuation  factor  v  on  distance  is 
caused  by  a  sufficiently  iarce  quartity  cf  different  factors. 
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Fig.  1.4.  connection  of  angle  •*„  with  the  qeccentric  angle. 

Page  14. 

The  quantitative  account  of  these  all  factors  represents  significant 
difficulty,  in  particular,  if  ore  considers  that  the  information 
about  the  structure  cf  the  heterogeneities  cf  the  atmosphere  are 
still  very  limited.  Under  these  conditions  are  cf  special  interest 
the  experimental  data  atcut  the  average  signal  levels  at  different 
distances.  However,  the  use  these  data  fcr  determining  the  dependence 
of  v  on  the  distance  meets  hit h  the  known  difficulties  at  which  we 
will  pause  below. 

The  fact  is  that  the  attenuation  factor  in  the  case  cf  remote 
tropospheric  propagation  proves  to  be  such  stall  that  even  at  the 
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considerable  power  of  transmitter  for  the  reliable  recaption  at  large 
distances  is  necessary  tte  use  cf  the  pencil-team  antennas;  however, 
in  this  case  the  space  cf  r s-amission  will  depend  on  directivity  cf 
both  antennas,  therefore,  and  attenuation  factor  V  will  also  depend 
on  antenna  directivity.  Experimental  data  afccct  the  average  values  of 
factor  of  weakening  at  different  distances  in  the  majority  of  the 
cases  are  acquired  precisely  for  the  pencil-team  antennas,  moreover 
in  different  experiments  were  applied  different  antennas.  Therefore 
in  order  in  some  way  tc  crder  the  data  about  the  average  signal 
levels  in  the  case  of  remote  trcpospheric  propagation,  it  is 
necessary  to  eliminate  the  efrect  cf  antenna  directivity.  For  this 
has  the  sense  to  construct  the  dependence  of  attenuation  factor  on 
the  distance  for  the  o unidirect ional  antennas,  first  after  converting 
experimental  the  data  afccut  the  average  signal  levels  for  the 
omnidirectional  antennas.  The  effect  of  antenna  directivity  in  this 
case  is  considered  separately. 

Dependence  cf  V  or  tne  antenna  directivity  is  conventionally 
designated  as  losses  of  antenna  gam.  On  this  phenomenon  the  speech 
will  gc  in  the  following  paragraphs;  therefore  here  we  will  be 
restricted  only  to  ccn f i imaticn ,  that  this  translation  to  prccuce  is 
possible.  Furthermore,  fcr  the  characteristic  cf  signal  usually 
utilize  not  average  value  and  uct  rms  value  the  V,  but  median  value 
cf  attenuation  factor  Eut,  as  it  will  he  further  shewn,  this 
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value  is  inconvenient  fcr  the  calculations,  it  does  not  reflect  the 
energy  characteristic  cf  signal  and  strongly  it  depends  on  the  depth 
of  fadings.  Therefore  as  the  characteristic  cf  signal  level  we  will 
apply  value  or  ' '  .-j ,  =  ‘J  ■ Consequently,  is  necessary  the 

translation  of  experimental  data  from  value  to  value  '■  Cp-  -• 

It  is  known  that  the  attenuation  factor  continuously  is  changed 
in  the  time,  in  this  case  are  observed  bcth  the  rapid  fluctuations 
with  the  period  less  than  5  min  and  slow  fluctuations  with  the  period 
it  is  more  than  5  min  (in  detail  atout  fluctuations  V  it  will  he 
described  into  §  1.4).  Per  determining  the  rms  value  cf  attenuation 
factor  they  entar  as  fellows.  First  is  determined  the  ris  value  V  in 
every  5  min.  Then  fiedirg  tue  statistical  distribution  of  the  five 
minute  rms  values  of  the  V  during  the  large  period  observations.  From 
the  same  distribution  they  find  > Thus,  -  this  median  value 

cf  five  minute  rms  values. 

Fage  15. 

Sunning  in  forward,  let  us  say  that  the  statistical  distribution  cf 
the  five  minute  rms  values  V  is  sucordinated  tc  logarithmic  normal 
law  with  the  standard  deviation  a.  In  this  case  is  easy  to  ottain  th® 
connection  between  Vc?„b  and  I/.,,..  Let  us  record  V\p „a  and  in 

the  decibels: 
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In  the  case  of  logarithmic  normal  law  the  average  from  lg  v 
coincides  with  the  median  value  V,  since  logarithmic  normal  law  - 
this  normal  law  for  lg  cf  the  V,  while  in  the  case  normal  law  average 


and  median  values  coincide;  therefore 

Vm*  (3d)  =  20  ii7  =  >0iiT" 

Probability  density  V  an  the  case  of  logarithmic  normal  law 
^  will  be 


(jdfi)  ~  (3d))* 


Tew--^. 

V  2JW(*» 


Here  V  and  o  are  expressed  in  the  decibels.  Me  find  the  rms 
value  of  attenuation  factor,  using  the  usual  method: 


/  r  -  y  \  “J  J _  y 

t  _  e4,34  {-d6'i  ]  f  4  M  itf)  rp  y  _ 1 _ _  V 

v  J.  [ld6)l  v-2— 


IV  —  V 

1  v  __  1  (<36)  Mej  i :56 


dV^6)  =  « 


Expressing  v*  in  the  aecitels,  we  cbtair 

V  =  J_  y 

cp  5  ■  .«  ;d«) 


^cp.  KM  (dd)  ^K«s  ld«)  ^  0-13) 


For  obtaining  dependence  V'7  cn  the  distance  were  used  the 


experimental  data  (1.1-1.10),  obtained  by  wiDter  in  essence  or  ths 
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land  routes  under  conditions  cf  tne  moderate  and  subarctic  climates. 
In  the  winter  months  are  observed  the  lowest  values  of  the  average 
signal  levels;  therefore  precisely  these  data  about  the  average 
levels  after  unfavorable  period  are  of  greatest  interest  during  the 
design  of  the  tropospheric  lines  ct  communications. 


Ik 
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Page  16. 

Fig.  1.5a  gives  the  dependence  of  rcot-mean-square  values  of 
attenuation  factor  cn  the  distance  for  the  cinidirecticral 

antennas,  obtained  in  essence  froa  work  [1.2]  fcr  three  lengths  of 
waves,  while  in  Fig.  I.Sfc  -  fcr  the  directional  antennas  with  the 
angle  of  directivity  cf  1°  *. 

FOCTNOTS  i.  At  the  angle  of  directivity  in  the  future  we  will 
understand  the  width  cf  tne  main  icbe  of  radiaticn  cf  antenna  cn  the 
points  of  the  half  power.  ENDFCCTiJCTE. 

Pig.  1.5a  and  b  gives  dependence  V  jp-«>3  t.JO)  ret  cn  the  true  distance 
tetween  points  d,  but  frea  so-called  equivalent  distance  tinder  d, 
here  is  understood  the  distance  between  the  pcints  cf  contact  cf  the 
tangency  of  the  rays  of  the  earth's  surface  (see  Fig.  I.u). 

Eguivalent  distance  is  detersined  after  the  ccnstructicn  of 
profile,  i.e.  the  section  of  route  in  the  vertical  plane.  In  this 
case  the  construction  cf  profile  is  conducted  taking  into  account  the 
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refraction,  i.e.  it  is  assumed  that  equivalent  radius  of  the  earth 
ac  is  equal  to  approximately  S5CC  km.  The  introduction  of  the  concept 
of  equivalent  distance  maxes  it  possible  simply  tc  consider  the 
altitude  effect  of  the  setting  up  of  antennas.  With  an  increase  in 
altitude  of  antennas  decreases  angle  --j  and,  therefore,  rises  signal 
level.  The  curves  of  Pig.  1.5t,  generally  speaking,  do  not  coincide 
with  the  analogous  curves  of  works  [1.1;  1.2],  This  is  explained,  in 
the  first  place,  by  the  fact  that  fig.  1.5a  ard  t  gives  the  rms 
values  V,  but  not  mediae  as  in  £1.1;  1.2]  and,  in  the  second  place, 
fact  that  the  account  cf  lossas,  amplification  [1.1;  1.2]  was 
conducted  inaccurately.  The  dependence  Fig.  1.5b  was  constructed  on 
the  base  of  more  precise  data  abcut  the  losses  cf  amplification, 
checked  experimentally.  Translation  of  the  median  levels,  obtained  by 
other  authors  [1.3-1. 1C],  was  also  done  according  tc  the  specified 
data  about  the  losses  cf  antenna  gain.  As  can  be  seen  from  Fig.  1.5, 
attenuation  factor  falls  from  the  aistar.ee  exponentially  or,  if  . 
is  expressed  in  the  decibels,  then  it  is  possible  tc  speak  abcut 
linear  drop  ^5)  with  the  distance.  Linear  attenuation  depends  cn 

wavelength,  increasing  with  the  shortening  cf  wave.  At  the  frequency 
cf  approximately  1000  Pfcz  linear  weakening  is  0.075  dE/km. 

Figure  1.5a  shows  that  if  we  consider  ccrrecticns  for  the  losses 
cf  amplification,  then  experimental  data  fer  the  worst  season  have 
comparatively  small  spread,  in  spite  of  difference  in  the 
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geographical  position  cf  tne  investigated  routes.  Thus,  the  curves 
Fig.  1.5a  and  b  possess  sufficiently  good  statistical  authenticity. 

For  the  summer,  most  ravcranle  time,  the  dependence  on  the 
distance  somewhat  is  changed.  Average  value  in  this  case 

sufficiently  strongly  increases  in  comparison  with  winter  period, 
moreover  this  increase  is  the  greater,  the  less  the  distance: 
therefore  linear  weakenirg  in  summer  increases. 

Fig.  1.6  gives  for  the  comparison  of  dependence  '/  B  on  the 
distance  for  the  winter  anu  suiter  periods,  obtained  at  the  frequency 
cf  approximately  1000  fH2  under  conditions  cf  the  middle  strip  of  the 
European  territory  of  tne  USSB  and  those  ccrverted  for  the  antennas 
with  the  angle  of  directivity  of  1°. 
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It  should  be  noted  that  the  scatter  of  the  experimental  data  anout 
the  average  levels  for  the  summer  months  proves  tc  te  considerably 
more  than  for  winter  perioa.  The  average  levels  in  summer 
sufficiently  strongly  depend  on  climatic  and  geographical  conditions. 

§  1.3.  Dependence  of  the  average  signal  level  on  the  wavelength. 

Experimental  in  vest igaticns  showed  [1.1;  1.2]  that  the 
dependence  of  signal  level  cn  the  frequency  carries  random  character. 
At  different  moments  cf  time  tne  relation  of  signal  level  on 
different  waves  proves  tc  ce  different.  The  radiation  of  the  relation 
of  the  average  values  cf  signal  level  at  different  frequencies  shewed 
[1.1]  that  on  the  routes  10Q-20G  xa  this  relation  was  proportional 
XV2.  With  an  increase  in  the  distance  the  slcpe/transconductance  ct 
this  dependence  increases  already  at  the  distances  cf  300-ucc  km 
.  -  n~'-l  The  frequency  dependence  of  the  average  signal  levels  and  its 
dependence  on  the  distarce  it  is  easy  tc  see  in  Fig.  1.5a  and  b. 


DOC 


30C25102 


E  A  6£ 


Pig.  1.6.  Dependence  of  the  ns  value  cf  attenuation  factor  f rou 
the  distance  for  the  Sussex  and  sinter  seasons  cf  year.  (Wave  30  cm, 
omnidirectional  antennas). 


Key:  (1).  Summer.  (2).  kinter. 
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§  1.4.  Signal  fading. 


In  the  case  of  rescte  tropospheric  propagation  signal  level  is 


subjected  to  continuous  vibrations.  Simultaneously  are  observed  the 
rapid  fluctuations  of  level  witn  the  freguency,  which  reaches  ten  and 
even  hundreds  of  the  hertz,  and  the  slower  changes  in  the  level  whcse 
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greatest  period  is  measured  fcy  acnths. 

During  the  remote  tropospaeric  propagation  it  is  accapted  to 
divide  fadings  into  three  rcras:  1)  rapid  fadings  whose  duration  is 
less  than  5  min,  2)  slew  fadings,  which  are  changes  in  the  five 
minute  average  values  cf  signal  during  the  period  net  more  than  1-3 
months  and  finally  3)  seasonal  behavior  cf  the  level  cf  the  signal, 
which  is  a  change  in  the  average  icnthly  (cr  median  in  the  month) 
values  of  signal  level.  Certainly,  the  boundaries  between  these  forms 
cf  fadings  to  a  determined  degree  are  conditicnal.  fcewever,  this 
division  has  the  specific  substantiation,  since  these  forms  cf 
fadings  are  caused  by  different  physical  causes.  Now  let  us  pause  in 
greater  detail  at  each  cf  these  boras  of  fadings. 

Rapid  fadings.  Under  these  fadings  we  understand  changes  in  the 
instantaneous  values  of  level  during  the  period  of  5  min.  Fig.  1.7a 
and  b  shows  the  example  to  the  recording  of  the  instantaneous  values 
of  level  it  drove  off  cn  the  route  303  ki  or  the  wave  30  cir.  In  th<=se 
figures  the  angle  a  indicates  the  width  cf  the  radiation  pattern  of 
the  antennas  (at  -  transacting  antenna,  a?  -  r ecei v ing)  u sed .  Such 
fadings  are  caused  by  tfce  interference  of  many  waves,  re-emitted  with 
individual  heterogeneities.  Since  the  heteregeneities  continuously 
move  in  the  space  of  re-eaissicn,  then  the  phase  cf  each  of  the 
incident  waves  changes  sufficiently  rapidly  it  the  time.  Phase 
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differences  of  waves,  re-emitted  with  heterogeneities,  rapidly  and 
chaotically  fluctuate.  All  this  leads  to  the  rapid  interference 
signal  fading.  During  the  period  5  min  heterogeneities  themselves  do 
not  manage  substantially  to  change;  therefore  fading  characteristics 
are  almost  wholly  connected  with  the  interference  of  waves,  caused  tv 
the  motion  of  heterogeneities. 

It  is  known  [for  1.1]  that  during  the  addition  cf  many  waves 
with  different  amplitude  and  the  random  phase,  evenly  distributed  in 
the  range  from  0  to  2*,  is  obtained  the  wave  whose  amplitude  is  the 
random  variable,  which  obeys  the  law  Rayleigh  distribution.  Therefore 
logical  to  expect  that  rapid  signal  fading  alsc  must  cfcey  the  law  cf 
raylaigh,  since,  apparently,  tne  ccnditicn  cf  many  cf  the  incident 
waves  and  randomnesses  cf  a  change  of  the  phase  difference  in  this 

case  must  be  fulfilled.  According  to  the  Rayleigh  law  the  probability 

£ 

density  W  (q)  of  value  q= p - ,  where  E  -  an  i nstantaneous  value  of 

signal  amplitude,  -  the  ras  value  cf  anjlitude,  it  is  determined 

by  the  following  equality: 


W(q)  =  2q^‘. 
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Fig.  1.7.  Example  to  simultaneous  recording  of  signal  from  receivin 
antennas  of  <x1=20°  and  a^l0:  a)  t ransmi tti rg  antenna  of  3S  =  2C°;  b) 
transmitting  antenna  of  aa=1°. 

Key  :  ( 1)  .  s. 

Page  22. 

£ 

Probability  that  relation  — -  will  he  less  than  value  qi  it  is 

‘■'cp.Ka 

determined  by  the  integral  function  of  probability  C  ( <3 1 )  i 


Plotted  function  C(9i)  is  given  in  Fig.  1.8. 

The  experiments,  which  were  being  carried  cut  on  the  routes  of 
different  extent,  cn  different  waves  [1.1;  1.2],  shewed  that  cn  the 

average  the  law  of  Rayleigh  for  tae  rapid  fadings  is  fulfilled.  Fig 
1.9  for  an  example  gives  the  experimental  integral  curve  for  the 
rapid  fadings,  obtained  cii  the  rcute  with  a  length  cf  303  km  at  the 
frequency  cf  approximately  10CG  HHz.  Curve  is  averaged  for  130  five 
minute  performances.  Comparison  with  Rayleigh's  curve,  given  in  the 
same  figure,  he  indicates  good  coincidence  cf  both  dependences. 
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It  should  be  noted  that  a  good  coincidence  with  the  Payleigh  law 
is  obtained  with  the  averaging  ter  a  large  rujfcer  of  perf crmances , 
since  separate  distributions  for  the  five  ainute  perfcraance  can 
sosetiaes  differ  frci  the  Bayleigh  law. 
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Fig.  1.3.  fig.  1.9. 

Pig.  1.8.  Depth  of  rapid  fadings  (Eayleigh  law). 

.  c 

Key:  (1).  The  percentage  of  time  during  which  “.^6  is  more  than  the 
deposited  along  the  axis  cf  cruanares  value. 

Fig.  1.9.  Comparison  of  experimental  dependence  cf  depth  of  rapid 
fadings  and  Rayleigh  law. 

Key:  (1).  Rayleigh  law.  (2).  experiment.  (3).  Percentage  of  time 
during  which  it  is  mere  tnan  deposited  along  the  axis  cf  ordinates 

value  » 
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This  is  connected,  perhaps,  with  the  fact  that  sometimes  five  minute 
interval  it  is  insufficiently  fcr  the  manifestation  cf  statistical 
law.  This  position  can  ce,  rcr  example,  then  when  the  period  of  rapid 
fadings  proves  to  be  comparable  with  the  duration  of  the  interval  of 
recording. 


Now  let  us  examine  how  is  determined  duration  cr  quasi  period  of 
rapid  fadings.  Fcr  simplicity  let  is  examine  twc  heterogeneities,  cne 
cf  which  is  located  in  the  middle  cf  the  space  cf  re-emission,  and 
the  second  in  the  extreme  lateral  angle  cf  this  space  (Fig.  1.10). 

Let  the  linear  dimension  cf  the  space  of  re-emission  be  equal  to  L, 
then  the  distance  between  two  these  heterogeneities  will  be  L/2.  A 
phase  difference  between  the  waves,  scattered  by  these 
heterogeneities.  A*  it  is  easy  to  determine  from  the  geometric 
relationships : 

A<p=z/t  —  .  ;  1 . ;  "'V 

T  2d 
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difference  will  change  tc  value  2  v .  This  will  be  nothing  else  but  the 
quasi  period  of  fadings  t: 


T 


u 

oL 


.  171 


Thus,  the  quasi  period  of  fadings  is  proportional  to  wavelength, 
it  is  inversely  propcrticnal  to  the  relative  rate  of  heterogeneities 
and  to  the  size  of  the  space  cr  re-emission,  experimental  data 
confirm  this  dependence.  Act uaily/ tea  11 y ,  the  period  cf  rapid  fadings 
is  approximately  propcrticnal  tc  wavelength  and  it  is  inversely 
proportional  to  the  space  of  re-e*issicn.  The  first  fact  is 
widely-known  as  far  as  position  is  concerned  seccnd,  then  if 
wixi  notbe  worthwhile  tc  stop  in  acre  detail,  since  usually  it  is 


forgotten 
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Fig.  1.10.  Path  difference  of  rays,  re-emitted  with  two  different 
irregularities. 

Page  24. 

The  effect  of  the  dimensions  of  the  space  of  re-emission  on  the 
period  of  rapid  fadings  can  he  seen  with  the  simultaneous  reception 
of  signal  on  two  antennas  with  the  different  directivity.  Such 
experiments  were  done  cr  the  route  with  a  lencth  of  303  km  on  the 
wave  of  approximately  3C  cm.  In  tnis  case  at  the  transmitting  end  was 
applied  the  weakly  directed  antenna  with  the  amplification  22  dS,  and 
at  receiving  end  the  recording  cf  signal  was  conducted  from  tvc 
antennas  one  of  which  had  amplification  45  dE,  and  the  second  of  22 
dB.  In  this  case  average  sizes  cf  the  space  cf  re-emission  during  the 
use  of  the  pencil-beam  antenna  were  approximately  three  times  less 
than  for  the  weakly  directed  antenna.  The  simultaneous  recording  of 
signal  showed  that  if  cn  the  weakly  directed  antenna  the  quasi  period 
was  1.5  s,  then  in  the  case  when  c a  the  cne  hand  there  was  the 
pencil-beam  antenna,  quasi  pencd  increased  tc  4.8  s.  when  on  the 
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saae  route  were  applied  cn  both  points  the  pencil-beam  antennas, 
quasi  period  increased  tc  5.8  s.  An  increase  in  the  quasi  period 
occurred  approximately  as  much  cnce,  in  as  decreased  the  linear 
dimension  of  the  space  c t  re-emission,  which  corresponds  to  equality 
(1.17)  »  (see  Fig.  1.7a  and  b)  . 

FOOTNOTE  l.  This  phenosencn  was  observed  also  in  experiments  [1.3], 
[1.15].  ENDPOOTNOTE. 

Experiments  show  that  witn  an  increase  in  the  distance  the  quasi 
period  of  fadings  slcwly  decreases.  With  an  increase  in  the  distance, 
cn  one  hand,  increases  d  in  (1.17),  on  the  ether  hand,  increases  L. 
One  should,  however,  consider  that  if  we  examine  rate  of  change  cf  a 
phase  difference  of  heterogeneities,  spread  in  the  vertical  plane, 
then  we  will  obtain  for  the  quasi  period  approximately  the  same 
expression  as  (1.17),  only  quasi  period  will  fce,  furthermore,  it  is 
inversely  proportional  tc  geocentric  angle  *.  Ey  an  increase  in  the 
geocentric  angle  is  explained  decrease  r  with  the  distance. 

Slow  signal  fading.  As  has  already  been  spoken,  under  the  slow 
fadings  usually  is  understood  the  change  in  the  time  cf  the  five 
minute  average  values  cf  signal  level.  The  effect  of  interference 
fadings  on  changes  in  the  five  minute  average  values  virtually  is 
absent,  since  the  naxisui  period  of  interference  fadings  is  xeasured 
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by  seconds  or  by  tens  cf  seconds.  Therefore  slew  fadings  have  other 
entirely  nature  2. 

FOOTNOTE  2.  Sometimes  tie  period  cf  averaging  is  selected  somewhat 
greater  (tc  1  hour),  which,  as  it  seems  to  us,  is  inexpedient,  since 
otherwise  it  would  be  necessary  tc  additionally  investigate  the 
statistical  characteristics  ci  signal  in  the  limits  cf  each  hour.  The 
distributions  of  the  instantaneous  values  of  level  per  hour  dc  not 
already  frequently  obey  the  law  cf  Rayleigh,  since  fer  this  large 
interval  strongly  are  clanged  heterogeneities  themselves  and, 
therefore,  are  changed  tie  aaplitudes  of  the  interfering  waves. 
ENDFOOTNOTE. 

As  already  mentioned  above,  during  the  period  of  time  5  min  cf 
the  heterogeneities,  arranged  m  the  space  cf  re-emission,  they  do 
not  manage  strongly  to  change;  therefore  the  amplitudes  of  ^be 
interfering  waves  also  cnange  little. 

Page  25. 

Under  such  conditions  the  average  value  cf  the  square  of  wave 
amplitude  t2  =  E2  during  the  pened  5  min  will  te  equal  to  the  sum  of 
the  squares  of  the  amplitudes  ol  interfering  waves  : 
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where  -  amplitude  the  a-tn  components.  Chat 
we  call  slow  fadings,  ace  caused,  as  is  evidec 
change  in  the  tine  of  the  amplitudes  of  inter! 
Amplitude  change  with  the  a  hete rcgeneit y  cf  v 
connected  with  a  change  in  the  dimensions,  fcr 

this  heterogeneity.  Let  us  introduce  new  randc 

?  _  _  'IT 

where  T*  -  an  average  value  cf  during  the  1 
cbser vaticns.  Relative  value  c£  level  changes 

#  =  ]  -4-- 

After  tatting  the  logarithm  this  equality, 

ln±r  =  in  1 1  -  -L-)  . 

Expanding  in  the  exponential  series/row. 


In 


since 


where 


41  =  4.  /_*_ •* 

•**  5*  \T*I  '  \?  I  \T'  ) 


5  =  V; 


7  _  p2  p3 

*  m  i-/n 


that  series  in  right  side  (1,20)  is  the  sum  cf 

‘■(frKSM+S'-HiS 

m  m  m 

Values  5ni  are  not  depended  frca  each  othe 


ges  in  values  l,  which 
t  from  (1.18),  by 
ering  waves  Em. 
ave  E,„  reflected  is 
i  and  increment  AS  in 
if  variable  6: 

(1.19) 

arge  period  of 
will  he 

we  will  obtain 

we  will  have 

(1.20) 


many  random  variables 


r,  since  are  changes  in 


the  wave  amplitudes,  reflected  ty  the  individual  heterogeneities, 
isolated  from  each  other.  According  to  the  limit  theorem  of  Lyapunov 
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the  sum  of  independent  random  quantities  has  normal  distribution 
under  the  condition  for  existence  cf  mathematical  expectation  and 
dispersion  of  each  of  the  terns. 

Page  26. 

This  condition  in  our  case  is  observed;  therefore  random  variable 
r.  4==-j  must  be  subordinated  to  normal  law,  and  — =r-  -  to  logarithmic 

i  “  Z 

normal  law.  Thus,  slew  fadings  must  be  subordinated  to  logarithmic 
normal  law.  The  dispersion  cf  these  fadings 


as  can  be  seen  from  (1.21),  it  is  determined  ty  a  number  of 
components  m  and  by  a  law  cf  amplitude  distribution  of  each  cf  the 
components. 

Experiments  show  that  slow  fadings  are  actually  subordinated  tc 
logarithmic  normal  law.  Fig.  1.11  ter  an  example  gives  the  integral 
distributions  of  the  five  minute  average  values  of  attenuation  factor 
v  fer  the  routes  in  extent  303,  and  630  km  [1.2]  cn  the  wave  cf 

approximately  30  cm,  obtained  it  winter  and  summer  time  during  the 
large  period  cf  observation.  On  the  axis  of  the  abscissas  Fig.  1.11 
is  used  the  scale,  which  corresponds  to  normal  law,  and  along  the 
axis  of  ordinates  value  V  is  deposited  it  the  decibels;  therefore 
logarithmic  normal  law  with  the  selected  scales  will  be  represented 
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in  Fig.  1.11  straight  itclined  line.  It  is  easy  to  see  from  the 
figure  that  for  all  distances  the  integral  curves  ace  subordinated  to 
the  approximately  logarithmic  ncraal  law  whcse  dispersion  is  changed 
with  the  distance.  Divergences  from  the  logarithmic  normal  law  are 
observed  only  in  summer  for  the  high  levels  of  the  signal  when  in  the 
small  percentage  of  tiie  integral  curve  differs  from  Icgarithnic 
normal  law  toward  an  increase  ir  the  probability  cf  high  levels. 


**  f*.  : 

-'  i ■  - ~^cu  ’esc-  V 


Pig.  1.11.  Distribution  cf  the  five-»inute  lean  values  of  attenuation 
factor  on  different  routes  into  the  different  seasons  of  year  cn  wave 
cf  30  cn  for  the  antennas  witn  the  angle  of  directivity  of  1°. 

Key:  (1).  Hinter.  (2).  Summer.  j3) .  Percentage  cf  time  during  which 
is  more  than  depositee  alcng  tte  axis  cf  cxdinates  value. 

Fage  27. 

Thus,  for  the  characteristic  cf  slow  fadings  it  is  possible  to 
use  only  value  -  standard  deviation  «.  It  is  usually  accepted  to 
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express  value  a  in  the  decibels.  Value  a  it  is  easy  to  determine  from 
the  experimental  integral  aistr:bution  curves  cf  the  levels  (see  Fig. 
1.  11)  ,  after  talcing  a  difference  in  values  V  dg)  fcr  50o/o  and  for 
84c/o  of  time: 

aiJo)  —  ^iJol  5J\  ^{J6)  J4*.  *)■ 

FOOTNOTE  l.  This  equality  directly  follows  frcm  the  expression  fcr 
the  normal  law  of  random  number  distribution  in  the  integral  form. 
ENCFOOTNOTE. 

If  value  a  depended  only  cn  distance,  then  fcr  the  practical 
targets  would  be  on  the  tasis  cf  experimental  data  tc  sufficiently 
construct  the  dependence  a  cn  the  distance  as  this  dene  in  acres 
[1.1,  1.2]  and  use  it  in  all  of  the  case  for  determining  the  depth  cf 
slow  fadings.  However,  experiments  show  that  a  tc  a  considerable 
degree  depends  also  cn  artenna  directivity.  Therefore  during  the  use 
cf  experimental  data  atcut  tte  depth  of  slew  fadings  it  is  necessary 
to  consider  the  directivity  cf  tne  antennas  used. 

Let  us  examine  in  acre  detail  a  guesticn  atout  the  effect  of 
antenna  directivity  cn  the  depth  cf  slow  fadings.  With  an  increase  in 
the  antenna  directivity  is  decreased  the  space  cf  re-emission.  With 
the  pencil-beam  antennas  the  ancular  dimensions  cf  the  space  cf 
re-emission  are  wholly  determined  ty  the  angles  of  antenna 
directivity. 
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As  we  already  spcke,  a  in  the  case  cf  slew  fadings  depends  cn  a 
number  of  reemitters,  i.e.  on  flach  number  (1.21).  But  a  number  of 
heterogeneities,  which  participate  in  the  re-emissicn  of  energy,  i.e. 
Mach  number,  depends  or.  tne  value  cf  the  space  cf  re-emissicr,  and 
also,  therefore,  on  antenna  pattern.  Thus,  «  alsc  must  depend  on 
antenna  directivity. 

Let  us  mentally  break  the  space  of  re-emissicn  a  into  n  cf  equal 
parts  each  of  which  has  dimensions  considerably  mere  than  the 
dimensions  of  individual  heterogeneities.  Let  us  change  now  the  order 
of  the  addition  of  the  waves,  arriving  from  the  space  of  ra-emission, 
why  the  result  of  addition,  at  course,  will  net  change.  We  will 
initially  summarize  the  waves,  which  arrive  frea  space  a„.  then  let  us 
accumulate  n  of  the  signals,  waich  correspond  tc  each  of  spaces  ,  As 
a  result  of  the  addition  of  the  waves,  arrivirg  from  space  2-  and 
averaging  in  the  five  minute  interval,  we  will  cbtain  signal  whose 
random  changes  are  subordinated  tc  logarithmic  normal  law.  Let  the 
standard  deviation  in  this  case  be  <*„.  The  signal,  arriving  frem 
entire  space  of  re-emissicn  5,  alsc  is  subordinated,  as  we  already 
explained,  to  logarithmic  ncraal  law.  This  signal  can  be  found,  by 
adding  n  cf  random  variables 
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As  is  known,  during  me  addition  of  random  variables 
mathematical  expectation  or  average  value  cf  sum  is  equal  to  the  sum 
of  the  average  values  or  terms.  Then  relates  alsc  to  the  dispersions. 
The  dispersion  of  sum  is  equal  to  the  sum  of  the  dispersions  cf  the 
terms . 


X 


_  _  >>'  - - 

3  “  "  3/1  ^  ’  3 


=  *  ill  ~  In- 


We  assume  that  all  n  component  have  the  identical  average 
values  and  identical  dispersions  an  view  of  the  equality  spaces  a-. 
After  using  these  relationships,  it  is  possible  tc  find  standard 
deviation  a  for  value  In  €: 


c‘  =  ln!  TVe  '  /  I  • 

L  ‘V  \  /  j 


(1.22) 


where  an  -  standard  devaaticn  for  :n|„.  Expressing  a,  as  usual,  in 
decibels  we  will  obtain  the  equality 


f  j  T 

a:«»  =  75  in  [4-1  e  J  —  r.  —  1  /J  .  1 1.23) 

when  ...To  1,  as  can  be  seen  from  (1.23),  expanding  exponential 

and  logarithmic  functions  an  series  and  leaving  the  first  term  of 
expansion,  we  will  obtain 


n  C r.iJSl- 


.24) 


This  is  equality  correctly  approximately  as  long  as  value 
dB.  Thus,  the  dispersion  of  slew  fadings  are  smaller,  the 
greater  the  space  of  re-emissicn  (number  n)  .  The  sharper/mcre  acute 
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the  antenna  radiation  pattern,  the  less  the  space  of  re-emissicn  and 
the  greater  a,  i.e,  is  acre  the  depth  of  slew  fadings.  This  position 
was  checked  experimentally  cn  the  route  with  a  length  of  303  km  at 
the  frequency  of  approximately  1QCC  MHz.  At  the  transmitting  and  was 
applied  the  weakly  directed  antenna  with  the  amplification  22  d3,  and 
reception  was  conducted  rrcs  twe  artennas  one  cf  which  had 
amplification  45  dB  and  width  or  radiaticn  pattern  cf  approximately 
1°  (according  to  the  halt  power),  and  the  seccnd  was  that  weakly 
directed  with  the  amplification  into  22  dB  and  width  of  diagram  of 
20°.  The  prolonged  simultaneous  recording  of  signal  level  frea  these 
antennas  showed  that  the  depta  of  slow  fadings  cn  the  weaxly  directed 
antenna  was  considerably  less  than  with  the  recepticn/proced ure  from 
the  pencil-beam  antenna.  Fig.  1.12  gives  the  integral  distribution 
curves  of  the  value  cf  attenuation  factor  fer  the  highly  directional 
and  weakly  directed  receiving  antennas.  As  we  already  spoke,  the 
value  of  the  space  of  te-emssicn  in  this  case  was  changed  upon 
transfer  from  one  antenna  to  ancther  approximately  feur  times  (n=4) . 

Page  29. 

It  is  not  difficult  to  see  from  f ig.  1.12  that  in  the  case  cf  the 
directional  antenna  dB,  and  in  the  case  cf  the  omnidirectional 

antenna  *2  =  5  dB.  Thus,  the  relationship  between  « ,  and  a2 
corresponded  approximately  to  equality  (1.23).  This  equality  gives 
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for  »,=8  dB  and  n  =  4  the  value  cf  s#=4.7  dB  *. 

POCTNOTE  l.  In  the  wcrk  cf  Crawicrd  [1.3]  are  also  given  the 
experimental  data  about  the  effect  cf  antenna  directivity  on  the 
depth  of  slow  fadings  wfcicn  coincide  a pproxi la t el y  with  data  given 
above.  ENDFOCTNOTE. 

In  summary,  knowing,  in  hew  often  decrease  the  space  of 
re-emission  upon  transfer  frea  the  less  directional  antenna  toward 
the  antenna  that  of  more  directed  can  be  defined  along  (1.23)  and 
(1.24),  as  will  increase  standard  deviation  o.  Therefore,  it  is 
possible  to  lead  the  experimental  data  about  the  dispersion  cf  slew 
fadings  to  the  case  of  the  c anidir fictional  antennas.  Fig.  1.13  gives 
the  dependence  of  standard  deviation  a  from  the  distance  for  the  case 
when  on  both  ccrrespcn di eg  points  are  used  these  weakly  directed 
antennas  with  the  angle  cf  directivity  are  mere  than  2°.  This 
dependence  is  constructed  according  to  the  experimental  data  cf  works 
[1.1;  1.2],  corrected  taking  intc  account  applied  in  these 
experiments  antennas.  In  order  to  obtain  data  for  other  antennas,  it 
is  necessary  to  use  equality  (1.23)  or  (1.24). 

In  this  case  standard  deviation  for  the  directional  antennas 
will  be  5,,  an  3  as  »0  is  understood  the  value  cf  standard  deviation 
for  the  omnidirectional  antennas. 
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Fig.  1.12.  Coaparison  c t  the  depth  of  slew  fad 
reception  to  that  directed  (G=45  d£,  carve  1) 
antenna  (G=*22  d3,  curve  2).  wave  X-30  cs.  Tear 
the  a xplif ication  22  dE.  acute  -  3C3  km. 
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ings  in  the  case  of 
and  not  directed  of 
s Bitting  antenra  with 


Key:  (1) .  dB.  (2) .  Percentage  of  tine  daring  which  V  are  icre  than 
deposited  along  the  axis  cf  ordinates  value. 
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In  this  case  value  n  in  that  case  will  fce  the  ratio  of  the  size 
of  the  space  of  re-eaissicn  with  canidirecticral  antennas  --  to  the 


space  of  re-emission  with  directional  antennas  a 3 

n  =  — . 


(1.25) 


When  on  both  corresponding  points  are  applied  identical 
antennas,  which  almost  always  occurs,  as  it  will  fce  shown  into  §  5, 
relation  n  can  be  determined,  if  are  known  the  angles  of  antenna 
directivity  in  horizcntal  and  vertical  planes  and  and  the 


identical  antennas 


of  the 

space  of 

re¬ 

emission 

,  aad  600. 
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case 
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2  3  0  / 

V 

(1.26) 


(1.26a) 


Here:  a.0  -  the  angle  of  directivity  in  the  vertical  plane  cf  cne 
antenna,  a'Q  -  the  same,  tut  for  another  antenna,  -  the  seallest 

angle  of  directivity  in  the  horizcntal  plane  cf  two  angles  (in  the 
case  of  use  on  the  route  of  different  antennas). 
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Fig.  1.13.  Experimental  dependence  of  the  standard  deviation  o  of 
slew  fadings  for  the  antennas,  with  a=1°,  and  fer  omnidirectional 
antennas  (a>2°) . 

Key:  (1)  dB.  (2).  Antennas.  (3).  Ueakly  directed  antennas,  a>2°. 

Page  31. 

According  to  experiments  1.7°.  while  0..o«  1°  (see  §  1.5).  Dependence 
a0  on  the  distance  for  the  weakly  directed  antennas  when  a10>3«  and 
aro>2J,  obtained  experimentally,  is  given  to  Pic.  1.13  togethec  in  by 
dependence  of  «  for  pencil-team  antennas  iaB0  =  ar0  =  a=  1°).  Let  us  note 
that  these  dependences  are  constructed,  generally  speaking,  according 
to  the  experimental  data,  ottained  in  essence  on  the  waves  3C-40  ca. 
However,  judging  by  the  series  cf  ether  experimental  works 
[1.3-1.10],  this  dependence,  apparently,  is  justified  over  a  wide 
range  of  frequencies. 
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Ontil  non,  the  discussion  dealt  with  one  fundamental  reason  for 
slow  fadings,  connected  kith  the  change  in  the  time  of  the  form  of 
intensity  and  dimensions  of  hetercgeneit ies  in  the  space  cf 
re-enission.  There  are  ether  reasons  for  sick  changes  in  the  level, 
for  example,  change  in  the  time  of  refraction,  thanks  to  which  mast 
change  angle  (see  Fig.  1.4),  which,  in  turn,  leads  to  a  change  in 
the  signal  level,  A  charce  of  the  refraction  in  the  layer  of  the 
atmosphere  thickness  than  1-2  it  a  is  small,  yes  even  the  dependence  of 
signal  level  on  the  refraction  comparatively  weak;  therefore  it  is 
difficult  to  expect  the  essential  fluctuations  of  signal  level  which 
are  small  in  comparison  with  the  fundamental  form  of  fadings. 
Experimental  data  confirm  this  position.  The  fact  is  that  the 
refractive  index,  which  characterizes  the  degree  cf  wave  refraction, 
has  distinct  daily  variation  with  the  maximal  into  the  evening  and 
night  hours.  At  the  same  time  experiments  [1.1;  1.2]  do  not  detect 
any  essential  daily  variation  of  signal  level  during  the  remote 
tropospheric  propagation.  Furthermore,  if,  refraction  fadings  played 
the  significant  role,  then  it  would  not  fce  observed  this  strong 
effect  of  antenna  directivity  on  the  depth  cf  fadings,  since  with  the 
refraction  fadings  their  depth  aces  net  depend  on  antenna 
directivity. 
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Another  reason  for  slow  fadings  are  slew  changes  in  the  time  cf 
the  characteristics  cf  heterogeneities  siaul tanec usl y  in  entire  space 
cf  the  re-emissions  which  can  occur  due  to  a  change  in  the  weather 
conditions,  such  synchronous  changes  really  are  observed,  for 
example,  with  the  passage  or  the  fronts  cf  wars  or  cold  air,  causing 
noticeable  decrease  cr  raising  signal  level.  Ihese  fluctuations  of 
level  superinpose  the  specific  iapression  to  the  general  statistics 
of  slow  fadings.  Especially  large  role  such  fadings  play  in  the 
favorable  months  of  the  year  when  the  average  signal  level  is  high. 
Onder  the  unfavorable  conditions  when  the  average  signal  levels  are 
low,  effect  of  this  type  of  fadirgs  becowes  s«all.  As  ccnf iesation 
this  serves  the  fact  of  the  sharp  effect  of  antenna  directivity  on 
the  depth  of  slow  fadings  in  particular  in  the  unfa vcratle  period  cf 
year.  Since  greatest  interest  fer  us  are  of  the  data  abcut  the 
fadings  precisely  in  this  seascr,  then  fadings  cf  the  type  examined 
can  be  disregarded. 
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In  conclusion  let  us  present  the  integral  distribution  curves  cf 
slow  fadings  for  different  values  c(dai.  which  can  preve  useful  for  the 
stability  analyses  of  the  weex  cf  tropospheric  lines.  On  curves  cf 
Pig.  1.14  these  distritutiens  are  constructed  fer  values  —— _  l. 

V  CP  *3 

where  rP.,3  -  rms  value  cf  attenuation  factor.  »e  resemble  the  erder 


] 


DOC 


80025103 


PAGE 


of  the  deter mination  cf  the  depth  cf  slew  fadings. 

FOOTNOTE  »«  The  depth  cf  fadings  is  determined  with  respect  tc  rms 
value  i'o«i.  therefore  the  aedian  values  7  in  Fig.  1.14  dc  not  coincide 
with  zero.  ENDFOOTNOTE. 

Cn  curve  Fig.  1.13  is  determined  value  «0  for  the  o unidirectional 
antennas,  then  accordirg  tc  foraula  ( 1.26)  is  deterained  value  a, 
also,  according  to  formulas  [1.23a)  or  (1.24a)  is  determined  value 
Ji  for  the  directional  antennas.  Finally,  on  curves  of  Fig.  1.14  is 
determined  the  depth  of  fadings  for  the  specific  percentage  cf  time. 

Seasonal  behavior  cf  signal  level.  The  average  monthly  value  cf 
the  strength  of  field  sufficiently  considerably  depends  on  the  seasen 
of  year.  The  lowest  signal  levels  are  observed  by  winter  and  most 
high  in  summer,  on  Fig.  1.15  for  ac  example  is  given  seasonal 
behavior  of  attenuation  factor  for  the  ultrashort  waves  on  the  route 
with  the  length  of  270  km  [1.1;  1.2],  which  passes  above  Caspian  Sea. 
A  maximum  change  in  the  average  monthly  values  from  the  winter  tc 
summer  composes  at  the  distances  cf  200-300  ka  of  approximately  12-15 
dB.  the  spread  of  seasonal  changes  decreases  with  an  increase  in  tfce 
distance  and  at  a  distacce  cf  bC0-700  km  becomes  different 
approximately  7-8  dB .  This  it  is  possible  tc  see  at  least  from  Pig. 
1.11,  where  are  given  the  integral  distr  itut iens  V  fer  different 
distances  to  summer  and  winter  periods. 
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Pig.  1.14.  Logarithmic  nccaal  distribution  V/V*  with  different  ones 

,\  .  .  v 

•  Key:  /i  )  .  Percentage  cf  time  during  which  x “  is  icre  than 

deposited  along  the  axis  cf  ordinates  value. 
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Seasonal  changes  in  the  signal  level  are  connected  with  seasonal 
changes  in  the  structure  of  the  heteroge neit i es  of  the  atmosphere.  Ir 
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summer  the  intensity  of  heterogeneities,  i.e.,  value  At-,  noticeably 
increases  due  tc  an  increase  in  the  temperature  gradients  anc  mainly 
due  to  an  increase  of  the  rcle  cf  air  huaidity  in  the  formation  cf 
heterogeneities  <?. 

§  1.5.  Losses  of  antenca  gain. 

In  the  first  and  second  paragraphs  cf  this  chapter  has  already 
been  discussed  the  fact  that  the  average  value  cf  attenuation  factor 
3  depends  on  the  ditecsicne  cf  the  space  cf  re-emission  a’,  which 
is  evident  at  least  from  equality  (1.6).  The  greater  the  dimension  cf 
the  space  of  re-eaissicn,  tne  greater  the  heterogeneities,  which 
participate  with  the  re-emissict  cf  energy,  the  greater  the  value  of 
attenuation  factor 

But  in  the  case  of  the  pencil-beam  antennas  the  value  cf  the 
space  of  re-emission  is  determined  by  antenna  directivity,  sc  that 
with  an  increase  in  the  directivity,  i.e.,  with  the  decrease  cf  the 
angle  of  directivity  cf  antennas  a,  the  space  cf  re-emission  a* 
decreases.  Thus,  from  an  increase  in  the  anterna  directivity 
attenuation  factor  falls. 
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Fig.  1.15.  Seasonal  behavior  V  fcr  sea  rcute  vith  a  length  of  270  km. 
In  the  curves  are  noted  the  percentages  cf  tiie,  during  which  vld6) 
exceeded  the  level,  notea  it  the  curve.  Curved  50-percent  corresponds 
to  nedian  level. 


Key: 
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(11). 
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(13)  . 
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Consequently,  with  an  increase  cf  the  antenna  gain  the  power  cf  the 
signal  in  the  place  cf  reception  will  not  increase  prcpcrticcal  tc  an 
increase  in  the  antenna  cain.  An  increase  in  the  signal  will  lag 
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behind  an  increase  in  the  antenna  gain.  This  phenomenon  accepted  to 
call  the  losses  of  the  a aplif aca ticn  cf  antennas.  Although  this  name 
and  does  not  reflect  the  essence  of  phenomenon  itself,  we  it  apply  in 
view  of  the  taking  root  tradition.  In  fact,  cc  losses  of  antenna  gain 
there  exists  actually,  tot  there  is  only  a  dependence  of  attenuation 
factor  on  the  directivity  of  antennas  {drop  in  V*  with  an  increase  in 
the  directivity) . 


The  losses  of  amplification  ayc  according  to  determination  are 
equal  to: 


where  va  -  an  attenuation  factor  for  the  omnidirectional  antennas, 
and  -  attenuation  factor  for  the  directional  antennas.  As  has 
already  been  spoken,  Tj  =  jct  and  r*  =  co,,  where  c  -  constant,  -r  -  the 
effective  space  of  re-emission  in  the  case  cf  the  omnidirectional 
antennas  and  ui  -  the  effective  space  of  re-emission  for  the 

directional  antennas;  therefore 

Sc-—-  —  .  (1-2S) 

Jr  n 

The  geometric  dimecsicns  cf  tropospheric  space  a~  can  be 
determined  from  the  experimental  data  about  the  angular 
characteristics  of  the  tropospheric  field  (see  §  16) .  The  comparison 
cf  the  average  signal  levels,  taken  from  the  spaced  on  the  angle 
antennas  during  the  large  period  of  observations,  makes  it  possible 
to  obtain  the  dependence  cf  the  level  of  sigcal  V  cn  azimuthal  angle 
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O-  and  on  the  angle  cf  elevation  ©«•  .  such  dependences  were  obtained 
for  the  series  of  the  routes  (see  §  1.6).  Dependences  '/  0, and  V  6a) 
can  be  approximated  with  the  aid  cf  the  following  functions: 


11.29) 


■  ■ 9 »  i  ! 

V  10-)  -  e  1  ) 

When  —  ■-)„  and  ^  =— =  —  Thus,  and  »->  ,  - 

j  o  2  2 ' 

effective  width  and  altitude  of  space,  determined  on  the  decay  power 
of  signal  two  tines.  The  results  cf  experiments,  given  in  §  1.6,  and 
also  experiments  in  the  aeasureient  of  the  fluctuations  of  angles  of 
arrival  (see,  for  example  £1,1;  1.13;  1.17,  1.16])  give  values 


r)3..=  1.7°  and  0:0-=  1° 
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In  the  case  of  applying  the  pencil-team  antennas  the  angular 
dimensions  of  the  space  cf  re-emission  -a  will  te  determined  ty  the 
antenna  radiation  patterrs.  It  is  possible  tc  approximate  these 
diagrams  with  the  aid  cf  the  furctions: 

-1.39  (  —  j 

/(aj=e  ,  /(x.)  =  e  .  II.JUI 

This  approximation  usually  will  agree  well  with  real  directional 

characteristic  of  antennas,  here  a30  and  sro  -  an  gles  cf  antenna 


directivity  in  the  vertical  and  horizontal  planes 
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In  the  case  of  the  directional  antenna  the  dependence  cf  signal 
level  on  angles  and  ar  Mill  te  cetenined,  cn  one  hand,  by  angular 
characteristics  (1.29),  connected  Mith  the  properties  of  the 
heterogeneities  of  the  troposphere,  and,  on  the  ether  hand,  ty  the 
angular  characteristics  cf  antennas  (1.3C).  Dependences  V{ar)  and 
'/(a.)  will  be  equal  to  products  (1.29)  to  (1.3C).  Thus, 


-1.39 

^  (3»)  =  e 


—1.39 

^(\)  =  e 


These  dependences  can  te  rewritten  as  follows: 


v  <=.)»■! 


v  (*r )  =  e 


— 1.39 


3 

1  \  *  f 


f) 


(1.3!) 


where 


and 


f>.= 


0J%0 


0  _  a 


V 

are  effective  angular  width  and  height  of  space  re-emissions  in  the 
case  of  the  directional  antennas,  how  let  us  switch  over  tc  the 
determination  of  the  losses  of  amplifications  ^c,  which  according  tc 
(1.28)  are  equal  to  the  ratio  of  antenna  volute  ^a  to  tropospheric 
space  at. 
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For  the  case  of  identical  antennas  on  both  feints  from  the  geometric 
relationships  it  is  not  difficult  to  obtain: 

«»  =  ci 

and 

a.  =  c, 

where  ct  and  c2  -  constants.  Taking  into  accccnt  that  the  fact  that 
the  angular  dependences  V(a)  and  i'u-m  are  defined  by  the  functions  cf 
one  fora  (1.28)  and  (1.31),  and  also  in  view  cf  the  fact  that 
distance  from  both  corresponding  feints  to  the  center  of  the  space  cf 
re-emission  -r  approxiwately  the  same,  as  tc  the  center  of  space  • 
we  will  obtain  ct=c2. 


In  that  case,  substituting  the  value  and  in  (1.28),  we 
will  have 


VO 


iiL 


Substituting  the  value  ...  and  into  the  latter  equality,  we 
will  obtain 


1 1 


^50  '  i  V  i 


when  n„.  and  the  losses  of  a»Fli  ficaticn  are  absent. 

When  i  r).„  and  <  ''  ■■  when  losses  are  creat. 
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Expressing  %,  in  (1.32)  in  the  decibels,  we  will  obtain 


--  —  :  o:_r  i 


—  oU  :  —  i  • 


aith  the  pencil-beaa  antennas 

‘iCiJO*  '  -w,&.  _  I' 

^30'  \^ro 


0-34) 


(1.35) 


If  on  the  transmitting  and  receiving  points  are  applied 
different  antennas  with  the  angles  of  directivity  'i  j.  *  .  and 
then  formula  (1.34)  will  tahe  the  fora 


/^oN1  ] 


'•’1 


I  /  "  io  \  ~  ;  -  j  _  !  t  ,  °  -3 

!  •  t  •  j  •  ■  I 

\  2^  j  j  L  2:ommk/  j 

-  5ic  ■  1  —  — V 

L  v  *o0/  j 


cr  for  the  pencil-beaa  artennas 
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If  one  antenna  net  directed,  thee 

'*  —  lOlij '  f  I0!&  (  “  j  • 
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Transition  from  one  directional  antenna  toward  two  directional 
antennas  gives  the  addition  in  the  losses  cf  amplification  only  to 


value 


-i  =  lOlgf 


:S> 


Therefore  it  cannct  be  considered  that  the  losses  cf 
aaplification  in  the  case  cf  applying  twe  directional  antennas  are 
equal  to  the  sum  of  the  losses  cf  amplification  for  each  of  the 
antennas.  In  reality  the  losses  of  the  aaplification  cf  one  antenna 
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differ  only  a  little  (tc  value  A)  iron  the  lessee  of  the 
amplification  of  systei  cf  two  antennas. 

Furthermore,  in  the  measurement  cf  the  losses  cf  antenna  gain, 
which  is  usually  conducted  ty  the  comparison  cf  two  signals,  accepted 
from  highly  directional  and  weakly  directed  antennas,  one  should 
consider  the  directivity  cf  the  transmitting  antenna  which,  as  a 
rule,  is  net  done. 

The  relationship  between  the  losses  of  the  amplification  of  one 
antenna  and  the  losses  cf  the  a i plif icaticn  cf  two  antennas  was 
checked  experimentally  cn  the  route  303  km  at  frequencies  of  800-1000 
HH  z .  Experiments  showed  that  the  equality  given  atove  for  A  is 
justified  experimentally.  On  the  route  3C3  ks  cf  the  loss  of  the 
amplification  of  the  directional  receivirg  arterna  with  =  ad0  = !°  and 
the  omnidirectional  transmitting  antenna  were  4  dE,  and  the  lesses  cf 
the  amplification  of  the  system  cf  two  such  antennas  -  6  dB.  Taking 
into  account  that  @3o=lJ°  (see  data  §  1.6),  formula  (1.36)  give  A  =  2.3 
dB,  which  corresponds  tc  experiment.  Froi  this  conclusion  fellows 
practical  the  conclusion  that  ct  the  tropospheric  lines  of 
communications  to  disad vantageously  apply  different  antennas  cn  the 
receiving  and  transmitters,  since  the  losses  cf  amplification  in 
essence  will  be  determined  by  the  most  directed  antenna. 
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As  showed  the  experimects  (sea  §  1.6),  6ao  =  \.T=  and  b?., •* : Using 
formulas  (1.34),  (1.35)  (1.36)  and  substituting  in  them  these  values 

0ao  and  evo,  it  is  easy  tc  calculate  the  losses  cf  a  uplificaticn  fcr 
any  antennas.  For  example,  fcr  the  systei  of  identical  symmetrical 
antennas  aro  =  aao  =  ^'  we  calculated  according  tc  formula  (1.34)  the 
dependence  of  the  losses  of  amplification  5.,  first  cn  a,  and  then, 
since  «  is  determined  tie  antenra  gain,  constructed  the  dependence  cf 
losses  amplifications  5yc  i06)  cn  the  value  of  the  antenna  gain  (curve  1 
on  Pig.  1.16).  The  same  figure  gives  the  experimental  dependence 
(curve  2),  obtained  in  work  £1.14].  Furthermore,  are  given  the 
experimental  points,  obtained  or  the  route  3C5  km  with  the  artennas 
which  have  aro  =  aao  =  l°  and  C.7°.  As  can  be  seen  frcm  Fig.  1.16, 
experimental  data  confirm  obtained  in  this  secticn  dependence  cf  the 
losses  of  amplification  ca  their  directivity.  In  the  confirmation  cf 
this  dependence  it  is  possible,  furthermore,  to  refer  even  tc  the 
series  of  experiments.  As  an  example  let  us  give  the  results  cf  the 
experiences  of  Crawfcrd  which  were  conducted  cn  the  route  273  km  at 
the  frequency  of  411C  PHz  [1.3].  In  these  experiments  on  one  cf  the 
ends  of  the  route  was  applied  the  antenna  by  directivity  cf  1.8°  ard 
at  other  end  -  antenna  with  tae  angle  of  directivity  of  2.2°  and 
C. 33°. 


Fage  38. 


DOC 


80025103 


F  AG£ 


According  to  the  observations  ox  Crawford  the  expansion  of  radiation 
pattern  was  approximately  1°,  i.e.,  the  angular  dimensions  of  the 
space  of  re-emission  comprised  3Bo  =  0ro=  1°.  According  tc  (1.36)  the 
losses  of  amplification  had  tc  he  fc  dE.  Cn  the  measurements  ct 
Crawford  the  losses  of  aspli f icaticn  proved  tc  te  equal  to 
approximately  5.7  dB.  is  the  confirmation  of  the  derived 
relationships  can  serve  also  experiments  which  were  conducted  on  the 
route  303  km  at  the  freguency  of  approximately  1C00  HHz  in  the 
central  band  of  the  European  territory  of  the  union  where  were 
applied  antennas  with  the  angle  cf  directivity  of  1°  in  both  planes 
and  antennas  weakly  directed  with  the  angle  cf  diractivity  of  20°. 
Shen  from  both  sides  were  applied  the  omnidirectional  antennas,  the 
space  of  re-emission  was  determined  by  pillar  by  the  properties  of 
the  heterogeneities  of  the  atmosphere.  Its  angular  dimensions 
according  to  the  measurements,  which  were  being  carried  out  cn  this 
route,  comprise  apprcximatel y  08O  =  1,7°,  0ro=i°.  Open  transfer  tc  the 
directional  antennas  the  space  decreased  alsc  according  to  (1.34)  the 
losses  of  amplification  »ust  te  6=9.4  dB.  Experimental  measurements 
cf  the  losses  of  the  am plif icat ion  of  distance  6=8  dE.  The  sane 
result  gives  the  comparison  of  calculation  with  the  results  cf 
experiment  on  the  route  300  ka  at  the  frequency  cf  2  120  flHz  cf  that 
carrying  out  in  Japan  [1.16J. 


As  can  be  seen  from  equalities  (1.34)  —  (1.36) ,  the  losses  of 
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aaplification  depend  or.lj  cn  the  relative  angular  dimensions  cf  the 
space  of  re-emission.  If  the  ancular  dimensions  cf  the  space  cf 
re-emission  in  the  case  cf  omnidirectional  antennas  \Bi0.  Bro)  dc  net 
depend  on  distance,  then  the  losses  of  amplification  must  not  change 
with  the  distance. 


I 


i 

i 


)-)  ^cx.iexue  <om!)cll  z*meHHbi,?5 


fig  1.16.  Dependence  of  the  loss es  of  the  ampli ficaticn  of  the  system 
of  antennas  on  the  a  up  li  i icatic c  cf  each  attema. 

Key:  (1).  Losses  of  the  ampli fication  of  twc  antennas,  dB.  (2). 
amplification  of  each  antenna,  aB. 


Page  39. 


Angular  dimensions  .0Mt  0ro).  judging  according  to  the  experimental  data 
about  the  angles  of  arrival  and  ether  characteristics  of  the  signal 

(see  §  1.6),  either  they  dc  net  depend  on  distance  cr  fall  frem  the 

distance,  what  they  indicate,  fer  example,  experiments  [1.9]. 
Approximately  it  is  possible  tc  ccunt  value  6  cf  that  net  depending 

cn  the  distance.  Furthermore,  as  show  expedients  and  as  is  evident 
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from  expressions  (1.  34)  —  (1.36) #  the  losses  cf  aiplif icaticn  dc  net 
depend  on  wavelength.  As  can  be  seen  frog  (  1.34),  (  1.  36),  on  the 
losses  of  amplif icaticn  great  effect  exerts  artenna  directivity  in 
the  vertical  plane;  therefore  from  the  point  cf  view  cf  the  decrease 
of  the  losses  of  antenna  gain  tc  acre  favorably  have  the  smaller 
angle  of  directivity  ir  the  horizontal  plane  and  larger  in  the 
vertical  plane. 

Now  let  us  pause  at  the  guestion,  tc  which  usually  is  net  turned 
the  attention,  although  it  has  the  vital  importance  daring  the 
deter aination  of  the  losses  cf  aaplif ication .  Discussion  deals  the 
fact  that,  strictly,  to  understand  under  this  tera.  Above  we  defined 
it  as  the  relation  of  the  ns  values  cf  attercaticn  factor  fer  the 
directional  and  oanidirectic nal  antennas.  But  frequently  under  the 
term  of  the  loss  of  amplification  is  understood  a  difference  in  the 
nedian  values  of  the  attenuation  factor,  expressed  in  the  decibels, 

=  20!gF7-  30  t1.39) 

where  v'„  -  an  attenuation  factor  fer  the  omnidirectional  antenna,  Fa 
-  attenuation  factor  fee  the  directional  antenna. 

In  the  majority  of  tne  wcrXs,  dedicated  tc  the  determination  of 
the  losses  of  antenna  gain,  under  this  term  (fer  example,  [1.14; 

1.15])  is  understood  value  1^.  Eut  this  value  cannot  characterize 


energy  loss.  The  energy  losses  cf  random  variable  V  can  be 
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characterized  only  by  a  change  in  the  rms  value  cf  this  value. 
'Wnwhile  values  A,'*,)  and  SycoM)  eg  the  whole  differ  radically  freu 

each  other:  _ 

10!gV3-10!gV».  (1.40) 

It  is  not  difficult  tc  show  analogously  he*  was  obtained 

expression  (1.13),  that  in  the  case  of  the  logarithmic  normal  law: 

SOljg;  =  IQlg  Vq~0,  1 15go.  (1.4!) 

20  Ig  l/.  =  lOIg  —  0,1 15ai,  (1.42) 

where  «a  and  oa  -  the  standard  deviations  of  slew  fadings  for  the 

omnidirectional  and  directional  antennas  respectively,  expressed  in 
the  decibels.  Substituting  the  value  20!g'/o  and20igV'a  from  (1.41), 

(1.42)  in  (1.39),  we  obtain 

•*(*>)  =  V(<*5)  -T  0,115)  —  oJ<d6)).  ■  (1.43) 

Thus,  value  A'd(5)  is  ccnnected  not  only  with  the  value  cf  the  real 
losses  of  amplification  &yC<i«i.  cut  also  with  a  change  in  the  depth  cf 
fadings  upon  transfer  from  the  omnidirectional  antenna  toward  that 
directed. 

Page  40. 

As  it  was  shown  earlier,  this  change  is  sufficiently  considerable. 
Therefore  value  \'i6.  proves  to  be  considerably  sere  than  the  true 
losses  of  aaplif icatioc.  in  suaaary  value  A  is  not  the  value  of  the 
true  losses  of  antenna  gain  and  is  inconvenient  for  the  practical 
calculations,  since  it  depends  cn  the  depth  cf  slew  fadings. 
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Thus,  the  account  cf  the  leases  of  ampli f icaticn  can  be 
conducted  only  according  tc  fcrxulas  (1.34),  (1.35)  cr  (1.36).  Due  to 

the  phenomenon  of  the  leases  of  antenna  gain  t* s  value  3  fer  the 
directional  antennas  preves  tc  be  less  than  fer  the  omnidirectional 
antennas.  Let  us  note  that  dependence  s  cn  the  distance  (Fig. 

1.5a,  1.5b)  is  constructed  according  to  the  experimental  data  which 
were  obtained  with  the  antennas  of  different  directivity. 

Experimental  values  rcP..-„  measured  with  the  directional  antennas  for 
obtaining  the  dependence  Fig.  1.5a,  were  recounted  by  us  to  the  case 
cf  the  omnidirectional  artennas  with  the  aid  cf  the  procedure  given 
above.  For  obtaining  the  dependence  1.5b  these  data  were  recounted  to 
the  case  of  antennas  with  the  angle  of  directivity  cf  1°.  It  should 
be  noted  that  as  a  result  of  this  translation,  which  considers 
directivities  of  antenras,  scatter  of  the  ex periuental  values  of 
attenuation  factor  it  decreased.  In  many  experiments  regarding  the 
losses  of  antenna  gain  was  not  considered  the  directivity  of  the 
transmitting  antenna.  In  view  of  these  deficiencies  such  data  about 
the  losses  of  amplification  proved  to  be  in  sany  respects 
contradictory  and  inexplicable.  Ihe  account  cf  the  effect  of  the 
directivity  of  the  tracsxitting  antenna  made  it  possible  to  obtain 
the  reliable  experimental  data  about  the  losses  cf  actenna  gain. 
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§  1.6.  Determination  of  the  angular  dimensions  cf  the  tropospheric 
space  of  re-eaissicn  arc  optiaui  form  of  the  antenna  radiation 
patterns. 

The  losses  of  antenna  gain,  and  also  the  depth  of  slow  fadings 
they  will  he  lower,  greater  the  greater  the  part  of  the  tropospheric 
space  of  re-emission  is  utilized  for  the  re-eaissicn,  i.e.,  the 
nearer  the  form  of  antenna  space  to  the  tropospheric  space  cf 
re-emission  Proa  an  energy  point  of  view  tc  acre  favorably  utilize 
antennas  of  the  large  aaplif icaticn  when  a.  ~:T  In  this  case  we  must 
be  subdued  with  the  fact  that  will  be  observed  a  phenomenon  cf  the 
losses  of  amplif icat ior ,  anc  also  an  increase  in  the  depth  of  slow 
fadings.  However,  that  atd  another  it  is  possible  tc  reduce  tc  a 
minimum  with  the  aid  of  the  rational  selection  cf  the  antenna 
radiation  pattern. 

As  we  already  spoke  [this  is  evident  frci  the  formula  (1.33)  ], 
the  greatest  losses  cf  artenna  cain  cause  the  contraction  of 
radiation  pattern  in  the  vertical  plane,  since  —ft-  in  horizontal 
plane  \  •— Therefore  tc  acre  favorably  apply  the  antennas  cf 
different  directivity  in  different  planes. 


Page  41. 


DOC 


80  C  25 1 03 


E  »GE 


7? 

It  is  most  profitable  ac  angle  cf  directivity  in  the  vertical  plane 
to  have  to  the  equal  angular  dimensions  cf  the  tropospheric  space  of 
re-emission.  Then  the  losses  of  asp lif icaticn  and  increase  a  due  to 
the  decrease  of  space  in  the  vertical  plane  almost  will  not  he.  For 
obtaining  the  necessary  amplification  it  is  possible  to  increase 
antenna  directivity  in  the  horizontal  plane.  In  that  case  of  antenna 
they  mill  have  directivity  in  the  horizontal  plane  more  than  in  the 
vertical.  Such  asymmetric  antennas  will  have  considerably  smaller 
losses  of  amplification  and  value  a  for  the  slew  fadings  will  be 
substantially  less.  All  this  is  directly  evident  from  equalities 
(1.23)  ,  (  1. 24)  ,  (1.26),  (1.38)  . 

Thus,  for  the  correct  design  cf  antennas  are  necessary  the  data 
about  the  angular  dimensions  cf  the  tropcspheric  space  of 
r8-emission.  For  obtaining  such  data  on  routes  in  extent  270,  303  and 
630  km  were  made  special  measurements.  On  one  cf  the  points  was 
applied  weakly  directed  antenna  ar„  =  czCo>20,  while  cn  ether  r°int  - 
pencil-beam  antenna  aB<>  =  nro  =  0.7°  (cn  routes  270  and  303  km)  and 
a3„  =  aro  =  l°  (on  the  route  630  km).  The  pencil-team  antennas  rotated 
within  limits  of  3°  on  the  vertical  line  and  ty  2°  cn  the  horizontal. 
Measurements  consisted  in  the  continuous  recording  cf  signal  level 
during  3  min  on  each  fixed  antenra  position.  The  distance  between  the 
fixed  levels  was  0.4°.  Eicst  was  removed  radiation  pattern  on  the 
vortical  line,  and  thee  cn  the  horizontal.  The  value  cf  signal  level 


DOC 


80025103 


EAG2 


P 

was  averaged  in  every  3  Bin.  Fig.  1.17  gives  the  diagraas  in  the 
vertical  plane  for  three  routes  {1  -  route  63C  km,  2|— ^2 7 0  km,  :j-^03 
km) ,  obtained  as  a  result  or  averaging  in  a  large  quantity  of 
performances  of  the  aeasureients  (several  hundred),  which  were  being 
carried  out  into  different  seasons  of  year. 
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Fig.  1.  17.  Experimental  diagram  of  re-emissicr  in  the  vertical  place 
with  the  weakly  directed  transmitting  antenna. 

Key:  (1)  dB,  relative  tc  maximum.  (2).  flotation  of  antenna  down.  (3). 
flotation  cf  antenna  upward. 

Fage  42. 

On  the  route  270  km  the  measurements  were  conducted  only  in  spring 
and  in  summer.  From  Fig.  1.17  it  is  evident  that  the  angular 
dimension  of  tropospheric  space  composes  approximately  1.7°  for  all 
routes.  The  angular  disersicn  of  tropospheric  space  in  the  horizontal 
plane  on  the  same  measurements  has  about  1°.  l^.®ecsicn  we  define,  as 
it  is  accepted,  on  decaj  in  the  power  of  sigcal  two  times.  The 
vertical  dimension  of  the  tropospheric  space  cf  re-esissicn  is 
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greater  horizontal,  which  indicates  the  large  rcle  cf  laminar 
heterogeneities  in  the  formation  ci  tropospheric  field.  Hence  follows 
supplementary  reason  ic  favcr  of  the  contraction  cf  the  width  of  the 
antenna  radiation  patterns  in  the  horizontal  plane.  The  width  of  the 
antenna  radiation  pattern  in  the  vertical  place,  is  most  favorable 
from  an  energy  point  cf  view,  it  nest  be  order  cf  1.5-2°.  It  is 
necessary  to  have  in  mind,  cf  course,  that  with  the  wide  antenna 
radiation  patterns  can  arise  the  distortions  cf  broadband  signal  due 
to  the  arrival  of  waves  with  the  large  time  lag.  Therefore  during  the 
transmission  cf  bread  hand  is  necessary  the  special  checking  cf 
possible  distortions. 

§  1.7.  Dependence  of  signal  level  cn  area  relief  and  height  cf 
antennas. 

During  the  remote  tropospheric  propagation  area  relief  affects 
in  the  small  sections,  adjacent  to  transmitting  and  receiving  ends  cf 
the  route.  The  presence  cf  the  screening  obstructions  before  the 
antennas  causes  the  decrease  cf  signal  level  the  greater,  the 
greater  the  angle  of  closing  9,  which  is  the  angle  between  the  lire, 
drawn  from  the  center  cf  antecca  tc  the  apei  cf  obstruction,  and  the 
horizontal  plane  (Pig.  1.18).  The  dependence  cf  attenuation  factor  on 
the  angle  of  obscuraticn  is  explained  by  a  change  in  angle  v  with  a 
change  in  the  angle  cf  ctscuraticn.  With  an  ircrease  6  increases  v 
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and  since  the  scattering  or  wave  reflection  fcy  atmospheric 
heterogeneities  possesses  the  directed  properties,  then  from  increase 
V  attenuation  factor  falls. 


Fig.  1.18.  Taking  into  consideration  of  the  effect  cf  area  relief. 

Page  43. 

The  experimental  study  cf  the  effect  of  the  shielding  obstructions 

was  conducted  on  routes  with  an  extent  3C3  and  448  kn  [1.2],  and  alsc 

in  the  series  of  other  routes  [1.1]  in  extent  1C5  and  152  km. 

Experiments  showed  that  the  attenuation  factor  is  changed  inversely 

proportional  to  the  square  cf  angle  y>.  Or  Fig.  1.19  is  given  the 

experimental  dependence  cf  attenuation  factor  cn  angle  'p,  obtained  cn 

the  route  450  km  on  the  wave  cf  ap proxim atel y  30  cm.  Designating 

through  b  the  ratio  cf  the  ns  value  cf  attenuation  factor  'A.-hs:  with 

0.  #  0, 

9t  =  #2  =  0  to  Vcp.KB  with  92f0,  in  accordance  with  the  experimental  data 
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it  is  possible  to  record: 


b  = 


«i>. 


cp.  » 


l2 

^0 


where  <jjo  -  slip  angle  fcr  $i  =  d2  =  0,  -  slip  angle  for 
egual  to  zero.  Froa  the  gecaetric  relaticnshi ps  (see  F 
will  obtain: 


rjj,; 


:  —  (9  +  h  -f-  >>i), 


where  cp«  — 
a* 


-  geocentric  angle,  at  -  equivalent  radius 


(1.44) 

and  net 

Lg.  1.  18)  we 

(1.45) 

(1.46) 

of  the  Earth. 
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Pig.  1.19.  Dependence  cf  weakening  on  the  angle  cf  slip  -  for  the 
route  448  km,  X=30  cm. 

Key:  (1).  Experiment.  (2)  dB.  (3).  Calculation  according  to  fcrmula. 
(4)  deg. 


Fage  44. 


Substituting  these  values  of  angles  in  (1.44),  we  will  have 


or 


U.47) 


b,i6 ,  =••  •lOlg'p  —  -l0ig(rp 


•1.48) 


As  can  be  seen  from  (1.49),  the  dependence  cf  weakening  t  cn  tfce 


angle  of  obscuration  sufficiently  weak.  In  this  case,  the  greater  the 
distance,  the  less  the  weaxening,  introduced  ty  the  shielding 
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§  1.8.  Statistical  characteristics  of  signals  with  the  space, 
frequency  and  angular  diverse  receptions. 

General  information. 

On  the  tropospheric  lices  cf  communications  for  dealing  with  the 
rapid  signal  fading  is  used  extensively  the  space  diversity  when  the 
reception  of  signal  is  realized  from  several  antennas,  displaced 
relative  to  each  other  in  the  space,  and  also  frequency  diversity 
when  signal  simultaneously  is  transmitted  and  is  accepted  at  two 
different  frequencies. 

Is  less  is  propagated  the  xethod  of  the  diverse  reception  over 
the  angle,  used  only  in  the  case  cl  using  the  antennas  with  the  very 
large  directivity.  All  these  methods  of  the  diverse  reception  make  it 
possible  to  considerably  increase  the  stability  cf  communication  or 
the  tropospheric  lines:  therefore  at  is  cf  interest  to  come  to  light 
the  fundamental  laws,  characteristic  for  the  signals  with  the 
diversities  of  differert  form. 

Correlation  of  signals  with  the  space  diverse  reception. 
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If  the  reception  cf  signals  is  conducted  from  tvc  identical 
antennas,  spread  in  the  space,  then  is  general  rapid  fadings  occur  cr. 
the  different  antennas  ncosi multaneously .  Os  the  tropospheric  lines 
cf  communications  is  applied  the  separation  cf  antennas  in  the 
direction,  perpendicular  to  route  cn  the  horizontal.  The  diversity  cf 
antennas  along  the  route  is  ineffective,  sirce  fcr  achievement  of  the 
necessary  results  is  necessary  the  very  large  separation  cf  antennas, 
considerably  larger  than  with  the  transverse  diversity.  Therefore 
further  the  question  will  deal  cnly  with  trarsverse  horizontal 
separation. 

Page  45. 

The  fluctuations  cf  the  instantaneous  values  of  signal  amplitude 
cn  different  antennas  prove  to  ie  to  the  certain  degree  uncccrel ated . 
As  usual,  degrees  of  the  correlation  cf  signals  can  be  determined 
with  the  aid  cf  the  coefficient  of  correlation  R: 

R  =  ■  ( 1.49'. 

^  U- 

where  AUt  -  a  change  of  the  signal  amplitude  in  the  time  relative  to 
average  value  in  the  first  antenna,  A0Z  -  the  same  change  cf  the 
signal  amplitude  in  the  second  antenna;  AU2  -  the  mean  square  of  the 
fluctuations  of  signal  level. 


Antennas  are  assumed  to  be  identical  ones;  therefore  AD2  it  is 


DOC  =  80C25103 


PAGE 


equal  for  both  antennas.  It  graves  to  be  that  with  an  increase  in  the 
distance  between  the  antennas  t  the  coefficient  cf  ccrrelaticn  R 


falls.  Dependence  of  R  or  the  distance  is  called  space  correlation 
function  R  (t)  .  The  nature  of  this  phenomenon  can  be  explained  based 
on  this  example.  Let  us  examine  twc  heterogeneities  £  in  the  space 
cf  re-emission.  Let  one  cf  thea  be  located  in  the  center  of  space  a 
(Pig.  1.20)  at  point  Ct,  and  the  second  -  at  a  distance  cf  L/2  frca 
the  first  heterogeneity  at  point  C2  (L  -  a  transverse  dimension  cf 
space  a) .  At  point  A  is  located  the  transaitting  antenna,  while  at 
points  B |  and  B2  -  receiving  acteccas.  If  the  wave  amplitudes, 
reflected  by  heterogeneities  C*  and  C2,  are  approximately  identical, 
then  with  the  small  movements  C,  relative  tc  C2  in  the  place  cf 
reception  will  be  observed  deep  fadings  due  tc  the  interference  of 
twc  waves  reflected  whose  phase  is  changed  it  the  time.  A  phase 


difference  of  twc  waves  reflected  in  the  first  antenna  will  be 


i(p1=  ~di 


Phase  difference  in  the  second  antenna 

4  In  1  /  &  ( L  — •  0* 

\  7 - 5 - 


k(L~  ’.)• 


As  can  be  seen  from  (1.50),  (1.51),  a  phase  difference  cf  the 


waves  reflected  is  different  fcr  antennas  Et  and  E2, 
1,  the  greater  this  difference. 


and,  the  greater 
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Pig.  1.20.  Geometry  cf  the  diverse  in  the  space  reception. 
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Thus,  the  aaxiauas  and  the  ainiauas  of  signals  will  net  coincide  in 
these  antennas.  If  it  will  ciifer  frea  t*2  tc  value  *,  then  upen 

the  appearance  of  an  interference  saxiaui  in  antenna  Et  in  antenna  B2 
there  will  be  the  miniaut  cf  signal,  i.e.,  tfce  coefficient  cf 
correlation  of  signals  it  anc  82  will  be  ecual  tc  zero.  This  will 
begin  when 

k(L-~. <L: 


or,  taking  into  account  that  we  will  ettain 


a  /. 


whence  we  find  value  which  corresponds  tc  the  correlation 


coefficient,  equal  tc  C: 


(1.53) 


Thus,  fro*  an  increase  in  1  the  degree  cf  the  correlation  of 
signals  falls.  When  l-!m  the  cocrelaticn  ccefficient  is  a p pre xitn ate  1 y 
equal  to  zero.  A  radius  cf  the  ccrrela  icn  cf  signals  on  two 
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antennas,  obviously,  will  be  proportional  tc  value  ttnder  a  radius 
of  correlation  is  understood  the  distance  at  which  the 

correlation  function  falls  into  e  cf  times.  Certainly,  actually  the 
space  of  re-enissicn  contains  aany  re-eaitting  heterogeneities; 
therefore  interference  fadings  are  caused  fcy  the  arrival  of  aany 
waves  into  the  place  of  reception;  however,  the  essence  of  phenomenon 
is  not  changed  in  comparison  with  the  case  eiaained.  Approximately  it 
is  possible  to  consider  that 


where  di.>  -  angular  dimension  of  the  space  cf  re-enission  in  the 
horizontal  plane. 

As  can  be  seen  frca  (1.54),  a  radius  of  correlation  is 
proportional  to  wavelength  and  it  as  inversely  prcpcrticnal  to  the 
angular  dimensions  of  the  space  of  re-enissicn.  Since  the  angular 
diaensions  of  the  space  of  re-eaission  according  to  §  1.5,  and  alsc 
to  the  neasureae nts  cf  angles  of  arrival  [1.1]  either  dc  net  depend 
on  distance  or  they  fall  frca  the  distance,  then  .'c,  apparently,  must 
cr  not  depend  on  distance  or  increase  with  the  distance.  In  the  case 
cf  the  directional  antennas  a  radius  of  correlation  fust  increase 
inversely  proportional  tc  the  angle  of  antenna  directivity  in  the 
horizontal  plane. 


The  experimental  data  about  the  dependence  cf  a  radius  cf 
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correlation  on  the  distance  have  tte  large  scatter  cf  values  [1.1', 
since  in  different  experiments  were  applied  different  antennas. 

Furthermore,  prcncenced  cliaatic  and  gecgraphical  differences, 
and  also  differences  in  the  tiae  cf  observation.  Acccrding  tc 
experimental  data  value  JQ/x,  apparently,  dees  ret  depend  cn 
wavelength  and  varies  fer  different  experiments  approximately  from  10 
to  70. 
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Therefore  for  g uara tteeing  the  statistical  independence  cf 
signals  the  diversity  cf  antennas  in  the  direction,  perpendicular  tc 
route  L,  aust  be  selected  net  less  (50-1C0)  A.  Experinental  space 
correlation  function  has  a  fora,  a  close  one  to  the  exponential 

function:  M 

R  (i)  =  e 

Pig.  1.21  gives  as  an  example  the  experiaental  space  correlation 
function,  obtained  on  the  recta  in  extent  in  3CC  Km  cn  the  wave  30  cir 
[1.2].  In  this  experinect  were  applied  identical  antennas,  in  which 

Correlation  of  signals  with  tfca  adversity  ir  the  frequency.  Frequency 
characteristics  cf  signal. 


ni 
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During  the  remote  tropospheric  propagation  into  the  place  of 
reception  come  many  waves  with  the  randcily  clanging  in  the  time 
phases.  This  leads  tc  the  fact  that  the  amplitude-frequency 
characteristic  of  siaral  changes  in  the  time  randomly  and  it  can  be 
determined  only  statistically,  fcr  the  quantitative  estimate  cf 
random  changes  in  the  amplitude-frequency  character istic  they  use  the 
coefficient  of  correlaticn 


*(A/)« 


AU\  c\  u. 
ITT3 


where,  as  before  aa1=al-C1,  h02=U2-a2,  0,  -  signal  level  at  frequency 
f,  Oj.  -  signal  level  at  frequency  f2=fl*hf. 


0  20  43  SO  SO  ■ 00  '20  t 

Fig.  1.21.  space  correlaticn  function,  obtained  experimentally  c a  the 


route  300  km  on  the  wave  30  cm 
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Dependence  S(Af)  is  nothing  else  but  the  frequency  correlation 
function  of  signal.  The  nature  cf  the  variatility  of  frequency 
characteristics  it  is  easy  to  understand  with  the  example  of  two 
heterogeneities  which  we  give  ic  tne  preceding  section.  In  fact, 
according  to  (1.43)  a  phase  difference  of  two  signals,  accepted  at 
cne  point  from  two  heterogeneities,  located  in  the  center  and  on  the 
periphery  of  the  space  ct  re-emissicn,  at  frequency  ft  will  fce 

i'fi  ~  .  (1 .56) 

and  at  frequency  f2  - 


where  c  -  the  speed  cf  light. 

A  phase  difference  is  different  at  the  different  frequencies; 
therefore  the  maxiraums  and  the  ninimums  cf  signal  amplitude  at  the 
different  frequencies  dc  net  coincide.  Hith  an  increase  Af  the 
correlation  of  signals  decreases,  with  A*i-A<2=»,  if  cn  frequency  f, 
is  observed  the  maximum  cf  signal,  then  at  frequency  f2  there  will  be 
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the  minimum.  This  will  te  according  to  (  1.  56),  (  1.57)  when 


('  1 


This  value  can  serve  as  the  leasuce  fen  the  correlation  cf 
signals  at  the  different  frequencies  and  is  prcpcrticnal  tc  a  radius 
cf  frequency  correlaticr  df0: 


1 1.59) 


In  actuality  picture  will  te,  of  course,  acre  complicated,  since 
in  reality  a  quantity  cf  heterogeneities  is  great,  yes  even  are 
spread  they  they  can  be  cot  caly  cn  the  horizontal,  tut  also  cn  the 
vertical  line.  With  the  vertical  separation 


a  > 


so  that  dependence  Af0  cn  the  distance  differs  somewhat  frem  the 
first  case.  However,  general  laws  are  visible  sufficiently  well  frem 
this  simple  example.  A  radius  cf  frequency  ccrrelaticn  is  inversely 
proportional  to  the  square  cf  tte  linear  dimension  cf  the  space  of 
re-emission  and  does  net  depend  on  wavelength.  Therefore  with  an 
increase  in  the  antenna  directivity  a  radius  cf  frequency  correlaticr. 
must  sufficiently  sharply  rise.  Dependence  £f0  cn  the  distance  is 
sufficiently  complicated,  since  in  (1.59)  anc  (1.60)  beth  the 
numerator  and  the  denominator  they  change  with  change  d.  Since 
dependence  of  L  on  d  is  unclear,  then  is  net  defined  dependence  af0 
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cn  the  distance. 
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As  we  already  spoke,  many  experiments  indicate  that  the  angular 
dimensions  of  the  space  cf  re-eaission  dc  net  depend  on  distance.  In 
that  case  a  radius  of  frequency  correlation  will  be  inversely 
proportional  to  distance. 

Now  let  us  pause  at  the  experimental  data  about  the  frequency 
correlation  of  signals.  According  to  these  data  [1.11  a  radius  of 
frequency  correlation  with  the  weakly  directed  antennas  comprises  at 
the  distances  of  200-4CC  km  of  approximately  C.fi-1  PHz.  With  the 
antennas  with  the  angle  cf  directivity  of  1°  at  the  same  distances  it 
is  equal  to  1.5-2  flHz.  At  large  distances  there  are  cnly  single 
measurements,  which  give  the  drop  Af0  with  distance  [1.1].  Judging 
according  to  the  experimental  data,  a  radius  cf  frequency 
correlation,  apparently,  does  act  depend  on  wavelength.  Utilizing 
experimental  data  about  tne  value  cf  a  radius  cf  correlation  at  the 
distances  of  approximately  300  ki,  it  is  possible  tc  construct 
dependence  Af0  on  the  distacce,  taking  irto  account  that  Af0  it  is 
inversely  proportional  tc  distacce.  Fig.  1.22  gives  similar 
dependence  for  different  angles  of  antenna  directivity  (for  the  case 
cf  identical  antennas  'j.ao  =  ’in).  Hater  cf  frequency  correlation  function 
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it  is  possible  to  judge  based  on  the  exasple  tc  the  function, 
obtained  on  the  route  3 C 3  ka  at  the  frequency  cf  approximately  10CC 
MHz.  This  function  is  represented  in  Pig.  1.23.  The  form  of 
correlation  function  is  close  tc  the  Gaussian 

_  :rL' 

*(A/)-e  (l.6l> 
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Fig.  1.22.  Dependence  cf  a  radaus  cf  frequency  correlation  Af0  for 
the  system  of  identical  antennas  cn  the  geographic  distance  d.  Angle 
a  -  the  width  of  the  antenna  raoaation  pattern. 


Key :  ( 1) .  HHz . 
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Frequently  in  practice  are  applied  another  characteristic  of  the 
variability  of  the  frequency  characteristics  cf  signal,  so-callei 
nonunif or aity  in  band  E.  This  value  is  the  ratio  cf  the  highest  value 
of  signal  amplitude  to  the  lowest  in  the  band  Af.  In  the  case  of  the 
tropospheric  propagation  B  it  is  randoa  variable.  Fig.  1.24  gives  the 
integral  distributions  cf  value  3  for  the  different  values  Af, 
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received  cn  the  route  with  a  length  of  303  ki  at  the  frequency  c£ 
appro xinately  1000  MHz. 

Correlation  of  signals  with  the  diversity  cn  the  angle. 

With  the  pencil-beam  antennas  sometimes  is  applied  the  diverse 
in  space  reception,  which  is  realized  not  witb  the  aid  cf  the 
diversity  in  the  space  c£  antennas  themselves,  tut  with  the  aid  of 
the  direction  of  each  cl  the  antennas  into  the  different  regions  of 
the  space  cf  re-emissicn .  This  diversity  in  practice  is  realized  in 
cne  antenna  with  parabolic  reflector  and  several  irradiators.  Each 
irradiator  gives  its  raciation  pattern,  shifted  in  the  space  relative 
to  the  radiation  patterns  of  adjacent  irradiators. 
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In  the  essence,  angular  separation  in  the  nature  of  the  phenomenon  in 
no  way  differs  from  usual  spatial  separation.  The  shift  of  the 
radiation  patterns,  formed  cy  adjacent  irradiators,  leads  tc  the  fact 
that  the  "centers  of  gravity"  of  the  spaces  cf  re-emissicn  fcr  each 
cf  the  irradiators  will  te  shifted  relative  tc  each  ether.  This  will 
lead  to  the  fact  that  the  difference  cf  the  phases  cf  components, 
entering  the  received  signal,  will  be  different  and,  therefore,  the 
correlation  of  signals  fcr  different  irradiaters  will  be  disrupted. 

In  this  case,  the  greater  the  argular  separaticc,  the  less  the 
coefficient  of  correlation  cf  signals.  In  [1.18]  for  the  very 
pencil-beam  antennas  there  was  obtained  following  expression  fcr  the 
coefficient  of  angular  correlation: 


where  AB  -  an  angle  of  the  separation  between  the  diagrams  of  antenna 
directivity,  «»o  -  angle  cf  antenna  directivity  in  the  vertical 
plane.  Thus,  a  radius  cf  angular  correlation  according  tc  (1.56) 

will  be: 

Aft,  =  0,35xM.  ,1.63} 

When  the  dimensions  of  tae  space  of  re-eiissicn  are  determined 
not  only  by  antennas,  tut  also  ty  the  properties  of  heterogeneities, 
a  radius  of  correlation  Ap0  will  depend  cn  the  dimensions  of  the 
space  of  re-emission.  fbe  experimental  data  about  the  correlation 


R  (A{J)  =  exp 


with  the  angular  diversity  are  given  in  [1.1].  Let  us  note  that  the 
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angular  separation  is  effective  only  when  divergence  from  the  main 
direction  does  not  cause  tee  noticeable  weakening  of  signal,  with  the 
angular  separation  tc  value  hp  on  the  vertical  line  for  second 
channel  will  be  observed  attenuaticn  of  signal.  As  in  the  presence  cf 
the  shielding  obstruction,  this  weakening  is  connected  with  an 
increase  in  angle  v  (see  Jig.  1.19).  in  this  case,  naturally,  the 
weakening  is  expressed  ty  the  saae  formula,  as  in  the  case  of  the 
shielding  obstruction 


6  = 


91 


(1.54) 


Thus,  diversity  on  the  angle  is  effective  with  *>>A3,  i.e., 
either  at  large  distances  or  with  the  very  pencil-beam  antennas. 


Until  now,  the  discussion  dealt  with  the  correlation  of  the 
instantaneous  values  of  signal  with  the  angular  separation,  i.e., 
about  the  correlation  cf  rapid  ladings.  Eut  with  the  considerable 
diversity  on  the  angle  when  eacn  irradiator  cuts  out  in  space  its 
isolated  space  of  re-eiissicn,  will  be  destroyed  not  only  the 
correlation  of  the  i rstantaneous  values  cf  signals  (rapid  fading), 
but  also  the  correlation  cf  rive  minute  mean  values  (slow  fading).  In 
the  examination  of  slow  fadings  we  already  said  that  the  signals, 
which  attached  from  difrsrent  isolated  parts  cf  the  space  cf 
re-emission,  can  be  cocsiderwd  independent  variables  cn  the  slew 
fad  in  gs . 


DCC  =  80025104 


F  AGE 


W3 


Page  52. 


Specifically,  under  this  assuaption  the  law  cf  the  distribution 
of  slow  fadings  takes  tie  logarithmic  form  and  cnly  under  this 
assuaption  is  observed  that  dependence  of  the  depth  of  fadings  from 
the  antenna  directivity  which  is  justified  experimentally.  As  a 
result  of  applying  the  diverse  in  angle  reception,  the  dispersion  of 
slow  fadings  decreases  according  tc  (1.23)  or  (1.24).  Value  n  in  this 
case  will  be  equal  to  a  cumber  cf  isolated  spaces  of  the  re-emissions 
which  are  formed  with  the  angular  diversity.  Angular  diversity  can  he 
realized  not  cnly  at  receiving  end,  but  alsc  with  the  aid  cf  the 
transmitting  antenna  with  many  irradiators.  In  this  communicating 
system  the  losses  of  amplification  decrease  ar.d  become  equal  to  the 
losses  of  antenna  gain,  which  corresponds  the  space,  equal  to  the  sum 
of  all  spaces  of  re-emission,  that  are  formed  ic  the  angular 
diversity.  The  losses  cf  amplification  decrease  in  n  of  times  in 
comparison  with  the  single  reception,  of  course,  when  in  all  cases 
the  space  of  re-emissicn  is  wholly  determined  by  antennas. 

On  the  route  with  a  length  of  303  ka  at  the  freguency  cf  1000 
tIHz  were  conducted  the  investigations  of  the  effectiveness  of 
diversity  on  the  angle  ter  aealicg  with  the  slew  fadings.  In  the 
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experiments  were  utilized  two  receiving  antennas,  which  had  the  angl 
cf  directivity  of  0.7°.  These  artennas  were  shifted  on  the  vertical 
line  relative  to  each  ether  cn  C.7°  sc  that  the  radiation  patterns  c 
these  antennas  intersected  at  the  level  cf  half  power,  fees  tefh 
receiving  antennas  was  conducted  si aulta nec c si y  the  prolonged 
recording  of  signal  (app rexi aately  one  month).  The  statistical 
analysis  of  recording  shewed  that  the  correlation  coefficient  for  th 
five  minute  mean  values  cf  signal  cn  cne  and  fcy  another  antennas 
comprised  within  entire  paried  cf  observations  C.4-0.5.  Thus,  slow 
signal  fading  with  the  diversity  cc  the  angle,  equal  tc  the  width  cf 
radiation  pattern,  are  virtually  net  correlated.  Consequently, 
conclusions  about  the  e t fecti ve cess  of  angular  diversity  in  the  figh 
with  the  slow  fadings  and  the  leases. of  amplification  are  ;usti£ied 
experimentally. 

§1.9.  Dependence  of  signal  leval  cn  the  form  cf  polarization. 

Experimental  works  [1.1;  1.2]  showed  that  the  mean  signal  level 
virtually  does  not  depend  cn  the  term  of  polarization,  furthermore, 
the  special  investigations,  which  were  being  carried  cut  at  the 
frequency  of  approximately  1000  fldz  at  the  distances  303  and  448  km, 
showed  that  rapid  fadings  with  reception  are  sisultaneously  cn  the 
horizontal  and  vertical  pcla r iza tic  ns  alacst  completely  correlated 
{transmission  was  condrcted  during  polarization  of  45°).  The  same 
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conclusion  follows  from  tne  tnecretical  study  of  this  problem.  The 
measurements  of  the  depc  larizatucn  of  signal  cn  the  route  30  3  km 
shewed  that  the  signal  from  the  antenna,  polarization  which  was 
perpendicular  to  the  polarization  of  the  transmitting  antorna,  cn 
18-25  dB  is  lower  than  from  the  normal  antenna. 

Page  53. 

The  value  of  depolarization  continuously  is  changed  in  the  time.  The 
median  value  of  polar i zaticnal  weakening  within  the  prolonged  period 
of  the  measurements  for  the  anternas  by  directivity  of  1°  was  20  dB. 
Depolarization  depended  on  the  directivity  teth  transmitting  and 
receiving  cf  antennas.  Eclar izaticnal  weakenitg  increased  with  an 
increase  in  their  directivity. 

§1.10.  Dependence  of  the  average  signal  level  cn  the  climatic 
conditions . 

The  mean  signal  level,  as  already  mentioned,  sufficiently 
strcrgly  depends  on  the  season  cr  year.  It  is  logical  that  the  same 
reasons  cause  the  dependence  of  mean  level  cr  the  climatic 
conditions.  The  the  climate  warm  and  the  more  humid,  the  greater 
signal  level  during  the  remote  tropospheric  propagation,  since  with 
an  increase  in  the  temperature  and  humidity  increases  the  intensity 


DOC  =  80025104 


E  AGE 


cf  the  heterogeneities  cf  tne  dielectric  per mittivity  of  air,  i.  e.  , 
value  _\d-  In  many  experiments  [1.1]  it  was  noted,  that  the  daily 
mean  value  of  signal  level  was  correlated  with  the  value  cf  the 
dielectric  permeability  cf  air  ci  the  earth’s  surface,  which  is 
explained  by  the  overall  dependence  both  of  value  le:  at  the  height 
of  the  space  of  re-emissicn  and  value  ■-<-  .  on  the  earth’s  surface  from 
temperature  and  air  humidity.  This  dependence  is  developed  only  with 
the  very  large  periods  cf  averaging,  compared  with  the  season  of 
year,  and  is  in  many  respects  the  reflection  cf  that  fact  that  both 
value  and  v  have  explicit  seasonal  behavicr.  Ecth  values  have  a 

maximum  in  the  summer  vccths  and  the  minimum  in  winter  period.  On  the 
base  of  correlation  of  values  V  and  frequently  are  conducted  the 

predictions  of  the  mean  signal  levels  for  different  geographical 
areas.  Accordingly  [1.1*  tfce  coefficient  of  conformity  M  between 
value  V’op.hB(j5)  and  value  V  =  i V  s-j—  n  10s  changes  from  the  distance 

according  to  the  law,  represented  in  Pig.  1.25. 

Haf/N-ii  CO 

y 

03 


12 '  ■  ‘ - i - i - 

too  113  ISO  +10  100  SCO  ij.iM 

Pig.  1.25.  Dependence  cf  the  coefficient  of  conformity  fl  on  the 
distance. 

dB/N-th. 
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lonth  in  year  (when  N0  is  aimaalj  . 


Key:  (1).  Latitude  in  the  degrees.  (2).  Longitude  in  degrees. 
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The  coefficient  of  conformity  a  is  the  value  cf  the  change  of  the 
strength  cf  field  in  the  decibels,  which  arrives  cn  IN  -  a  unit 
change  in  the  refractive  index  cf  air  where  N  -  a  refractive  index  cf 
air  on  the  earth’s  surface.  Thus,  if  are  known  the  mean  signal  levels 
for  one  geographical  area  Vcp.,.,,;.  then  it  is  possible  tc  find  the  same 
levels  for  other  areas,  if  is  krewe  difference  where  h,  -  a 

surface  value  of  refractive  index  in  the  first  area,  and  n2  -  surface 
value  cf  refractive  index  in  the  area  where  it  is  necessary  tc 
determine  the  mean  level  of  the  signal 

V  k*  i  (<*5>  —  ^cp.  km  i  [je>  ~  ^  *^i)-  (  ^  .do)- 

Values  N  for  different  geographical  areas  can  te  determined  cn 
the  charts  which  are  given  in  the  documents  cf  PKKR  [International 
Radio  Consultative  Committee]  £1.15].  Fig.  1.26  gives  such  charts  cf 
the  average  monthly  value  N„  in  that  month  when  this  value  is 
minimum.  The  coefficient  of  conformity  in  (1.65)  is  determined  on  the 
graph  in  Fig.  1.25. 

In  conclusion  let  us  note  that  used  this  method  should  te  with 
large  care.  The  fact  is  that  tor  many  geographical  areas  it  is  net 
justified.  In  particular,  under  conditions  cf  het  climate  it  proves 
to  be  unsuitable.  Then  it  is  possitle  to  speak  about  winter  period 
for  many  geographical  areas.  In  winter  the  correlation  between  :i0  and 
signal  level  proves  to  te  very  weak,  and  forecasting  levels  according 
to  this  method  can  give  conside table  errors.  As  it  was  already  noted, 
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for  the  worst  months  of  year,  what  are  winter  months,  signal  levels, 
obtained  in  different  geographical  areas  with  the  moderate  and 
subarctic  climate,  proved  tc  be  sufficiently  close  in  the  value  with 
equid istances  and  the  vavelengtis  (see  Fig.  1.5).  Therefore  for  the 
worst  month  of  year1  it  is  better  tc  use  directly  values  Vc^ha  from 
cf  the  curves  of  Fig.  1.5a  and  t. 

FOOTNOTE  t.  According  tc  the  norms  of  BK KB  the  stability  analysis  cf 
the  work  of  tropospheric  line  is  conducted  fer  the  conditions  of  the 
worst  month.  ENDFOOTNOTE. 
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Chapter  2. 

Diverse  reception  on  the  lines  cf  remote  tropospheric  propagation  cf 
VHF  { CTH)  . 

§2. 1.  Introduction. 

In  Chapter  1  it  is  sncwn  that  the  signal  in  the  place  cf 
reception  with  DTR  is  subjected  to  the  rapid  and  slow  fadings,  which 
are  determining  multiplicative  interference1. 

FOOTNOTE  *.  Multiplicative  interference  is  here  assumed  to  be  that 
operating  immediately  or  antire  spectrum  of  communication.  The 
fluctuations  of  one  spectral  component  of  signal  relative  to  ethers 
are  considered  insignificant.  EkCFCCTNOTE. 

The  fundamental  method  cf  fight  with  the  rapid  fadings,  caused  by  the 
mu Iti pie- pronged  structure  cf  the  signal  in  the  place  of  reception, 
is  the  diverse  reception.  The  principle  cf  the  diverse  reception  li?s 
in  the  fact  that  the  sigial  at  the  output  of  receiver  is  formed  by 
the  combination  of  several  input  signals,  which  carry  one  and  the 
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same  information,  but  differently  affected  ty  aultiplicative 
interference.  This  combined  output  signal  will  be  considerably  less 
affected  by  aultiplicative  interference.  The  inf oraational  evaluatic 
carried  out  in  [2.1],  shows  that  tne  capacity  cf  aultibeaa  channel  is 
less  than  the  carrying  capacity  of  single-ray  channel  (at  the 
identical  mean  power);  however,  with  the  diverse  reception  with  an 
increase  in  the  multiplicity  of  diversity  the  capacity  cf 
multiple-pronged  channel  approaches  the  capacity  cf  single-ray 
channel  [2.2].  This  confirms  the  possibility  cf  the  in  practice 
complete  elimination  of  rapid  multiplicative  interference  by  the  use 
of  the  diverse  reception. 

Page  58. 

?2.2.  Statistical  characteristics  cf  the  signal  in  the  place  cf 
reception. 

Let  the  transmitter  emit  the  sinusoidal  unmodulated  oscillation 
with  the  frequency  u0 

ana  =  i/nacosu0/,  <*■'' 

then  the  signal  in  the  place  cf  reception  as  a  result  of 
multiple-pronged  propagation  is  equal  to 


V%p  V  CV.p.cos  K(f—  rjj. 


(2.2) 
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Here  6'^,-  -  amplitude  cf  the  i-th  component  of  signal,  T-.  -  the  time 
lag  of  this  component,  n  -  total  number  cf  heterogeneities,  which 
diffuse  signal  in  the  direction  of  reception. 

Index  i=0  relates  tc  amplitude  and  time  lag  of  regular 
component,  determined  ty  the  presence  of  diffraction  field.  Total 
signal  can  be  recorded  in  the  term 

V  .ip  —  L  7. p  CCS  ( aJ0  t  *  0),  (2.3) 

where  the  amplitude 

t’np  =  V  X-  -  Y1  (2.4) 

and  the  phase 

>-)=arctg-~  (2.5) 

are  determined  through  the  projections  of  components  on  the 
orthogonal  axes. 

*  i 

X  =  ^  'J~P  ■  cos 

(2.6) 

V  ~  ^  rp  t  ^n 

.  =u 

Since  scattering  capacity  (intensity)  ard  position  of  the 
diffusers,  located  in  the  space  cf  scattering,  is  changed  randomly, 
amplitude  ’J-P  and  phase  0  cf  the  signal  accepted  are  random 
functions  which  are  slcwly  changed  in  the  time.  Slowness  means  that 
rate  of  change  ^'-P  and  j  1S  considerably  lower  than  rate  of  change 
the  slowest  element  cf  ccmmuciceticn,  i. e. ,  that  for  the  time, 
necessary  for  transaissicn  cf  the  longest  element  of  the 
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communication  (or  for  several  periods  of  the  quite  lc*-f requency 
component  of  the  spectrum  of  comunicaticn)  cf  change  -  anc  ■-<  are 
negligible.  According  tc  the  central  limit  thecrea  cf  Lyapuncv  the 
distribution  of  the  sub  cf  randca  components  cf  the  projections  of 
amplitudes  (i=1,  2,  2,  n)  in  formula  (2.6)  with  sufficiently 

large  n  will  strive  hew  conveniently  closely  tc  the  normal  law  cf 
probability  distribution. 


Fage  59. 


In  this  case,  since  phase  --J  evenly  distributed  in  the  limits  0-2rr, 

i.  e . , 


Key  :  ( 1)  .  wit  h . 


!  !  2-  r.p'i  0  t»  <  2-  ,  , 


1 0  —  3He  iroro  KHTepBa.ia, 

(2) .  out  of  this  interval. 


then  signal  amplitude  will  have  the  generalized  Bayleigh 
distribution 1 


w(u) 


“‘-K'o 


In  formula  (2.8) 


M*)  = 


i- 


v2.9> 


-  the  modified  Bessel  function,  is  proportional  to  the  power  of 
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random  (number  of  that  scattered)  signal,  CJ0*  is  proportional  to  tbe 
power  of  regular  (dif f ractic r)  the  components  cf  signal. 

FOOTNOTE  *.  Fluctuations  in  the  signal,  which  are  subordinated  to 
ether  laws  of  distribution,  here  are  not  exaained,  since,  as  a  rule, 
cn  the  lines  of  DTR  is  correct  the  Rayleigh  distribution.  However, 
fundamental  conclusions  see  valid  also  for  them.  Should  be  noted  the 
very  ordered  theory  cf  rapid  fading  with  an  a-distr ituticn  by 
Nakagami,  presented  in  £2.3].  EhCFCOTNOTE. 

In  the  absence  of  regular  components  u0~C  law  (2.8)  is  converted 
into  the  usual  Rayleigh  law 


In  this  case  integral  distribution,  i.e.,  probability  that  the 
amplitude  of  received  signal  lies  below  certain  threshold  level  L’3cp. 
is  equal 

"nop  _  C'-.oo 

W  (0  <  u  <  Uao p}  =  j  zv(u)du  =  I  —  e  i-‘  .  i2. 1 '.) 

0 

Subsequently  by  us  will  be  necessary  the  parameters  of  randem 
variable,  adhering  tc  the  Sayleign  law  cf  the  distribution: 

—  cpeAHee  SHaqeHiie  u  —  a  V  ~i2, 

—  AHcnepcHS  D{u)  v2. 12) 

—  Me^tana2)  U =V\n2o 


j 

i 

3 


i 
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Key:  (1).  flean  value.  (2).  dispersion.  (3).  median. 


FOOTNOTE  2.  The  median  cf  the  law  cf  distribution  is  the  value  cf 
signal,  exceeded  during  5Qo/o  of  time  of  observation.  It  they  use 
especially  frequently,  since  it  easily  is  fcurd  from  experiment. 
ENCFOGTHOTE. 
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Taking  into  account  median  value  distribution  (2.11)  we  can 

write  in  the  form 


In  the  process  of  experimental  investigations  the  distribution 
cf  probability  of  signal  amplitude  is  determined  on  the  samples  of 
the  recording  of  signal,  analogous  those  given  in  Fig.  1.7a  and  b. 

The  results  of  treating  such  recordings  usually  are  represented  in 
the  fora  of  histograms  (Fig.  2.1)  and  integral  curves,  represented  in 
Fig.  1.8. 


During  the  remote  tropospheric  propagation  the  VHF  distance 
between  the  adjacent  stations  usually  exceeds  150-2C0  km  and  the  law 
cf  the  probability  distribution  of  rapid  fadings  is  very  close  tc  the 
Rayleigh.  With  the  decrease  cf  distance  in  the  received  signal 


a 
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appears  diffraction  ccufcnent  and  distribution  must  te  approximated 
by  law  (2-8).  The  duration  cf  realization  (recording,  signal),  which 
should  be  processed  for  cctaimng  the  law  cf  distribution,  most  be 
",,=-=4-7  ain,  sines  during  processing  of  the  recording  cf  the  signal 
cf  larger  duration  will  begin  to  be  manifested  the  slew  fluctuations 
of  the  median  of  signal,  determined  by  damping  change  in  the  section 
cf  the  propagation  (see  5I.4). 
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Fig.  2.1.  Distribution  cf  signal  {histogram),  received 
experimentally. 

Key:  (1).  Number  of  readings  cn  the  time  axis.  (2).  signal  amplitude 
at  input  of  receiver,  *.Y. 

Fage  61. 

with  the  decrease  of  the  time  of  observation  can  remain  undetected 
the  lavs  governing  rapid  fluctuations  cf  the  amplitude  cf  received 
signal  * . 


FOOTNOTE  l.  This  will  cccuc  because  in  the  interval  cf  smaller  length 
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will  not  be  satisfied  the  condition  of  the  ergcdicity  of  the  randcir 
process,  which  describes  signal  at  the  input  cf  receiver. 
2NEF00TN0TE. 


The  aethods  of  obtaining  several  shears  cf  the  fluctuating  radio 
signals,  i.e. ,  the  methods  of  diversity,  are  examined  in  §1.7. 

Let  us  recall  that  on  the  lines  of  ETR  is  fcund  a  use,  in  the 
first  place,  the  spatially  distributed  reception  with  which  in  the 
place  of  reception  of  the  signal  (with  the  W-fcld  reception) ,  ara 
accepted  upon  S  of  the  actennas,  spread  usually  perpendicular  to  the 
route;  in  the  second  place,  the  frequency-dispersed  recepticr,  in 
which  is  utilized  one  antenna  and  U  of  receivers  and  finally  thirdly, 
diversity  cn  the  angle  cf  arrival  cf  the  fceai,  with  which  is  used  cne 
antenna  the  radiation  pattern  cf  wnich  is  done  by  multilobed,  and  N 
cf  receivers.  The  effectiveness  of  the  diverse  reception 
significantly  affects  the  dependence  cf  tu It i pi icati ve  interferences 
in  the  diverse  channels.  The  e f fee ti vene ss  cf  the  diverse  reception 
is  greater,  the  less  are  dependent  these  interferences.  It  should  he 
noted  that  if  for  the  first  two  methods  cf  the  diversity  cf  signals 
obtaining  the  independent  fluctuations  of  the  envelopes  of  HF  signal 
is  relatively  simple,  then  for  the  third  method  -  angular  diversity  - 
it  is  considerably  mere  complicated.  The  fact  is  that  with  an 
increase  in  the  angle  ct  diversity  begins  tc  fall  the  power  of  the 
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arriving  signal  (see  Chapter  1).  This  means  that  during  the  design  cf 
systems  with  the  angular  diversity  is  necessary  a  reasonable 
compromise  between  a  drcp  m  power  of  signals  with  an  increase  in  the 
angle  of  diversity  and  an  increase  in  the  ccrrelaticn  of  signals  witn 
the  decrease  of  this  angle  (see  [2.4]).  As  the  measure  cf  the 
dependence  of  the  Rayleigh  fluctuations  cf  the  enveloping  twc  diverse 
signals  can  serve  the  ccefricient  cf  cor rela tic n2. 

FOOTNOTE  2.  For  non-Rayleigh  distribution  of  fluctuations  the 
correlation  coefficient  is  not  the  adequate  measure  of  their 
dependence.  ENDFCCTNCT E . 

Let  the  transmitter  emit  sinusoidal  oscillation  (2. 1) .  Then  with  the 
diverse  doubled  recepticc  m  tne  place  of  reception  are  two  signals: 


=  k'npi cos(u)„:  -  6ir, 
Vs  =  (/np2cos(ti>0:  —  <g»). 


v2.:-n 


The  two-dimensional  probability  density  cf  the  envelopes 


P^'n pi. 


Vspl  u  no? 
2s*  1 1  -  r‘) 


fo 


L  ripiC^p*  | 


'(1  ~r‘) 

where  value  r2  is  almost  accurately  equal  to  the  correlation 
coefficient  between  envelopes  ynpl  [  see  fcrirula  (3.19)]: 


p  I  ^  r  p  j» 


i*2.  ic'i 


•2  ,.2 
^  "i  p  I  c  np2 


the  modified  Eessel  function. 
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In  works  [2.5]  and  £2.b]  it  is  shown  that  the  Rayleigh 
fluctuations  can  be  considered  independent  variable,  if 
P ..  ■■  <  1'e  =  0,37.  Is  the  distance  jin  the  space,  in  the  frequency  rr 

on  the  angle  of  arrival  cf  ray),  tc  which  it  is  necessary  to  spread 
signals  for  obtaining  #t/npi  =  1/e=0.  37,  is  called  a  radius  cr  an 
interval  of  correlatior.  Mcrecver,  from  these  works  it  follows  that 
the  drop  in  the  gain  frcs  the  use  cf  the  diverse  reception  dees  not 
exceed  1.5  dB.  if  the  coefficient  cf  correlation  cf  envelopes  is 
equal  to  R"  -c  =0.6.  Ibis  Bears  that  ir  the  calculations  of  the 
systems  of  the  diverse  reception  it  is  possible  tc  approximately 
consider  fluctuations  as  those  act  correlated,  if  ^^<0,6,  Further 
increase  in  the  correlation  coefficient  leads  tc  the  sharp  drep  in 
the  gain  and  in  the  Unit  with  B=1  the  gain  disappears  (for  the 
automatic  selection)  .  sith  the  >l-fcld  diverse  reception  the 
correlation  is  usually  investigated  in  pairs,  since  the  construction 
and  investigation  of  the  )J-diaensicna  1  distribution  function  are 
combined  with  the  great  difficulties. 

§2.3.  Methods  of  the  ccibmation  cf  the  diverse  signals. 
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After  one  of  the  methods  presented  above  cf  diversity  is 
obtained  N  of  the  spears  of  radio  signal,  affected  ty  the  independent 
mu ltiplicative  inter fe re cces ,  by  primary  task  becomes  the  economical 
utilization  of  these  signals,  i.e.,  the  use  cf  such  combination 
during  which  the  losses  cf  the  transmitted  information  will  te 
minimum. 

In  the  communicating  systems  found  use  the  methods  of  the  linear 
combination  of  the  diverse  signals.  During  the  use  is  calm  methods 
the  signal  at  the  output  of  the  device  cf  N-f  cld  addition  5.  u)  it 
is  determined  by  the  equality 

.V 

S.([)-^aA  (0.  (2.17) 

where  S,/':,  -  sum  of  useful  signal  in  the  k-th  branch  of  diversity  and 
additive  noise,  which  operates  at  the  input  cf  tie  receiver  cf  the 
same  branch: 

5«l0-=V',(O-r5,(0.  (2.1  S) 

For  the  case  of  the  sinusoidal  unmodulated  signal  in  the 
transmission  value  V,  :)  is  aetermined  by  fcriula  (2.3).  Natural  is 
assumption  about  the  fact  that  the  median  values  cf  signals  in  the 
tranches  of  diversity  are  egual  tc  each  ether.  Are  also  identical 
noisiness  all  N  cf  receivers. 


Fage  63 
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Value  aK  is  the  "weighing"  coefficient  which  in  general  can 
depend  on  the  value  cf  signal  or  ncise  ir  the  k-th  cr  any  other 
branch  of  diversity1. 

FOOTNOTE  *.  In  radar  direction  finding  found  use  the  methods  cf  the 
nonlinear  combination  cf  the  diverse  signals  (fcr  example,  signal  at 
the  output  it  was  equal  to  the  product  of  signals  in  the  tranches  cf 
diversity).  ENDFCCTN  CT  F . 

The  methods  of  linear  ccmbiration  can  te  divided  into  the 
methods  of  switching  arc  the  methods  cf  addition.  During  the 
switching  at  each  given  moment  only  one  cf  coefficients  is 

different  from  zero.  In  tms  case  is  possible,  in  the  first  place, 
the  servo  diversity  when  the  signals  in  the  place  of  reception  test 
consecutively,  until  is  located  the  signal,  which  exceeds  the 
assigned  threshold.  This  signal  is  supplied  tc  the  output  of  system 
until  its  level  falls  below  threshold.  As  sccc  as  this  will  occur, 
the  system  of  the  next  diversity  again  will  begin  tc  search  fcr  the 
signal  whose  level  is  higher  tnan  the  threshold  value,  etc.  In  the 
second  place,  is  possible  the  system  of  optimum  automatic  selection, 
in  which  all  N  of  signals  are  investigated  simultaneously  and  it  is 
selected  for  the  connection  to  the  output  that  frcm  them  whose  level 


A 
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is  maximum.  The  statistical  characterist ics  of  the  automatic 
selection  of  peak  signal  are  letter  than  with  the  servo  diversity. 
Subsequently  will  be  examined  the  automatic  selection  of  peak  signal. 

The  use  of  methods  cf  addition  provides  for  the  simultaneous  use 
of  several  spears  of  signals,  obtained  in  the  tranches  of  diversity. 
In  this  case  all  coefficients  cf  formula  (2.17)  are  different 

from  zero.  The  greatest  interest  represent  two  methods  additions.  In 
the  first  all  copies  of  signal  received  add  up  to  the  identical 
weight  independent  of  their  value.  In  this  case  a.=j;=.  .  as.  This 
method  is  named  linear  addition.  It  will  be  stcwn  belcw  that  it  is 
most  promising  on  the  lines  of  IIB. 

With  the  second  method  cf  addition  the  weighting  factors  are 
automatically  regulated  in  such  a  way  that  at  the  output  of  add 
system  would  be  provided  the  maximum  value  cf  signal-to-noise  ratio. 
This  method  subsequently  is  named  optimum  addition.  Find  a  use  also 
the  mixed  methods.  Ir  one  cf  them  [2.7]  the  signals,  accepted  by  two 
diverse  receivers,  add  up  linearly  until  their  relation  exceeds 
V  2 —  l  =  0.41.  When  the  ratic  cf  signals  in  the  tranches  of  diversity 
falls  below  0.41,  weaker  signal  is  disconnected  also  to  the  output  cf 
add  system  begins  to  erter  cne,  mere  streng  signal,  system  from  the 
mode  of  linear  addition  passes  into  the  mode  cf  automatic  selection. 
This  method  in  its  characteristics  is  most  close  to  the  optimum 
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addition  (for  more  detail  see  $2. 4) . 


The  combination  of  signals  by  the  diverse  reception  can  te 
conducted  either  to  the  cetector  (in  the  linear  part  of  receiver),  cr 
after  detector. 


Fage  64. 


In  depending  on  this  sharply  they  differ  both  methods  and  used  for 
the  combination  equipment,  with  the  combination  to  the  detector  is 
correct  the  assumption  about  the  complete  independence  of  the 
components  of  noise  and  signal  With  the  ccatinaticr  after 


the  detector  this  assunpticn  is  cc 
demodulation  is  linear  as,  for  exa 
approximately  correct  cnly  with  th 
threshold.  In  the  systsis  frcs  FM, 
relay  lines  of  tropospheric  scatte 
the  demodulator  (with  the  worn  it 
virtually  does  not  deperd  on  the  p 
receiver.  A  change  in  tte  power  cf 
inversely  scaling  in  the  power  cf 
discriminator.  During  tte  linear  a 
consider  that  the  phases  cr  the  si 
tranches  of  dispersion  —•  ana 
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different.  Therefore  fcr  obtaining  the  m 
signals  must  be  before  the  addition  phas 
special  devices  of  the  self-alignaent  of 
a.  apter  5) .  during  the  addition  cf  post 
coherence  of  the  added  up  signals  is  obt 
changing  over  type  systess  tbe  place  of 
play.  One  should  only  have  in  mind  that 
the  detector  the  automatic  selection  aus 
signal  level,  and  when  selecting  after  d 
cf  noises. 


§2.4.  Statistics  of  signals  with  the  div 

""he  use  of  the  diverse  reception  ia 
communicating  system.  This  imprcveaent  u 
the  following  criteria: 

1)  by  an  increase  in  the  ratio  of  t 
power  of  noise  at  the  output  cr  the  devi 
diverse  signals  in  comparison  with  this 
the  diversity; 

2)  by  the  decrease  cf  the  relative 
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3)  by  an  increase  in  the  authenticity  cf  the  transmissicn  of 
binary  information. 

The  first  criterion  determines  an  improvement  in  the  most 
important  parameter  cf  ccnur icatirg  system  at  the  transmissicn  of 
analog  signals  -  noise  in  toe  chancel.  In  the  subsequent  calculations 
precisely  this  criterion  is  used  as  the  basis  of  the  comparison  cf 
different  methods  of  combination.  The  second  criterion  determines  the 
reliability  of  communication  -  percentage  of  time,  during  which  the 
signal  will  be  above  the  assigned  threshold  level.  Fcr  the  comparison 
of  systems  on  this  criteiicr  it  suffices  tc  knew  the  laws  cf  the 
distribution  cf  probabilities  with  the  combination  cf  the  diverse 
signals.  Finally,  the  third  criterion  is  very  important  during  the 
transmission  of  the  discrete  information  (in  acre  detail  about  this 
see  in  Chapter  6) . 

Fage  65. 

Let  by  the  multiple-pronged  tropospheric  channel  be  transmitted 
by  the  FH  signal 

una  =  i  n,  [l03  —  *jj  {,')(, 

where  \f(t)  represents  the  modulating  signal.  Then  in  the  k-th  branch 
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of  the  diverse  reception  signal  will  be 

S*U)  =  ^np  k  (0  cos  [u>0 1  \pu)  -  -  l*(0  1.2.  19) 

also,  with  the  N-fold  linear  combination. 

-V  .V 

*^S  =  ^  afS*  =  ^  a*^.-.pK^)C0Sf<i»3„‘  —  ip  ({)  —  — 

l 

V 

~23xSk(*).  i  2.20) 

A.— i 

The  first  term  in  (2-19)  and  (2.20)  determines  useful  signal, 
and  by  the  second  -  additive  interference  before  and  after  the  device 
of  addition.  In  accordance  with  the  criterion  of  an  improvement  in 
the  quality  of  communication  accepted  it  is  fcrther  necessary  to  make 
a  comparison  of  the  ratic  of  the  averaged  power  of  signal  to  the 
averaged  power  of  noise  in  the  tranches  of  the  diversity 


r  (t)  —  ^nP  *  M  ^  *  ~i~  'J  (41  -1-  9X  (/)];* 


Z(‘) 


(2.21) 

and  this  ratio  at  the  output  of  the  device  of  addition 

V 


tv 


rtU)  = 


2 

L*— i  J 

the  calculation, 

let  us 

(2.22) 


rate,  connected  with  HE  modulated  cscillaticc,  at  least,  by  an  order 
higher  than  speed  of  the  processes,  connected  with  the  fluctuations 
of  signal,  caused  by  aulti-ceaa  character.  Actually,  the  highest 
frequency  cf  fading  does  net  exceed  5-10  Hz,  whereas  during  the 
transmission  of  telephony  lowest  modulating  frequency  rM  =2CC  Hz, 
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bat  during  the  transmission  of  television  FH  =50  Hz.  Therefore 
during  the  investigation  of  fluctuations  it  is  expedient  to  average 
the  processes  being  investigated,  aorecver  the  interval  of  averaging 
7*u  to  select  so  that  the  envelope  of  fading  L 'nj>K(r)  vithin  time  Tt 
would  remain  constant  and  at  toe  same  tiae  the  duration  of  tte 
longest  element  cf  ccaauricatic  c  was  much  less  T*.  Per  DTR  value 
r4  =  0,!  -r-0,3  s. 
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Page  66. 

Root-mean-squar e  (fcr  cue  Tmi  the  value  cf  signal  amplitude  in 
the  k  branch  of  diversity  will  te  equally 


—  '  ^  ;p  [uJ,; 


'4'  (0  ~ 'it 


(!) 
np  k  '  ' 


.  (2.23) 


since  for  time  T.<  L\.., .  . =  cor.it 


The  ras  value  of  ncise  ia  the  same  trancfc 


t±  - 


(2.24) 


will  be  constant,  since  it  depends  only  cn  the  quality  cf  receiver. 


Then  formula  (2.21)  can  te  recorded  in  the  fora 


Thus,  the  fluctuations  of  value  ace  determined  by  random 

changes  of  the  signal  aaplitude  in  transaittirg.  Again  it  is  net 
superfluous  to  recall  that  during  the  study  cf  the  diverse  reception 
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the  probability  distribution  cf  envelopes  ..  and  respectively 
'  ;1  are  investigated  It  the  tine  intervals 

'T  _  «  •  7  '  \  T 

*  yc  —  ‘  KKM  V  ' 

For  the  convenience  it  is  expedient  tc  introduce  the  normalized 

ratio  of  the  power  of  signal  tc  the  power  cf  the  noise 

I  -  \ 2.26) 

Sere  ~r£—  -  ratio  cf  the  rcot-mean-square  deviation  of  signal  at 
the  input  cf  receiver  tc  the  ras  value  cf  ncise. 

Since  value  has  the  Bayleigh  law  cf  profcatilitv 

distribution,  for  j,  integral  distribution  will  be  exponential: 

;V  {0  ..  j:i  <•>'.,.}  ~  1  —  e~"\ 

Prom  formula  (2.27)  it  is  possible  to  easily  find  the 
probability  of  the  breaks  of  coamunicaticn,  i.e.,  the  probability  cf 
the  drop  in  the  signal  is  lower  than  threshold  level 

Page  67. 

For  this  in  formula  (2.27)  (and  also  in  the  subsequent  formulas  with 
If)  it  is  necessary  value  Y*  tc  replace  by  U ?op  ^ 2oj.  As  an  exaiple, 
probability  that  the  vcltage  of  signal  in  the  k  channel  there  will  be 
below  threshold,  will  te  determined  by  the  expression 

uU  « 

v  {0  <  La p  «  c  I’nop ,}  =  1  -  e  .  :  2.28, 
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Let  us  switch  over  to  the  aeternination  cf  the  r as  values  of  the 
signal  amplitude  and  ncise  at  the  output  of  acd  system  (in  interval 
fv).  For  the  signal 


|* 

v  aKU, !p  K  (/)  cos  [<oa  .*  -r  t  it)  -  B<  it)'A  = 


1  <*=l 


.V 


.V 


=  v  a;{/-p,(r)\ 

;=i 


{cos  [(d0  (r)  -  \t(0  -  0i(Olcos[u)o:  -  >{>.:;)  -  0,(01} 

*-i  i-i 


'  ^os  jt>f  —  e;  ;.0j 

2 


2.25; 


since  value  a,  C:np  and  0  they  are  permanent  in  the  interval  of 
averaging  T„. 


Por  the  noise 


.V 

V 


<*K  »kU) 


v  3,^(0  ^  a; !,(*)  =  a*l;, 

£—1  ;  — I  <—  1 


i  2.3- 


u; 


since  the  noises  in  the  tranches  of  diversity  are  net  depended,  i.e.. 


17(0W=,;  nlHi  =  !- 

I  0  nfm  t  #  j. 


; — .  3  J ) 


Key  :  ( 1)  .  with. 


Substituting  (2.29)  and  (2.30)  into  fcriula  (2.22),  we  ettain 


* (t)  Un»  >  & cos  ~  e-" i'1* 


M0“ 


•=i i-i 


,V 

V  1,2  -U 


1 
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From  formula  (2.32)  it  is  evident  that  the  signal-to-noise  ratio 
depends  substantially  cc  tne  value  of  a  phase  difference 
0, Gain  during  the  use  cf  the  diverse  reception  is  taxiaun, 
when  this  difference  is  equal  tc  zero. 

Page  68. 

Therefore  with  the  combination  is  compulsory  the  phasing  of  signals. 
Fc-r  this,  as  has  already  been  spoken  above,  daring  the  addition  tc 
the  detector  is  utilized  the  self-alignment  cf  the  phase  of  the  i-tfc 
signal  under  the  phase  cf  the  j-tb  or  vice  versa.  In  this  case 

cosie.  :  i  — 0  ;.')]=  !  and 


^  ^  U> 


V  . 

*K 


Let  us  note  that  according  to  this  formula  it  is  possible  tc 
estimate  maximum  possible  value  Utilizing 


Euniakowski-Schvarz' s  inequality,  it  is  easy  tc  show  that 
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Equal  sign  corresponds  tc  a  maximally  possible  gain  froir  the 
diversity,  signal-to-ncise  ratio  at  the  output  cf  the  device  of 
addition  in  this  case  is  equal  tc  the  sub  of  signal-tc-noise  ratios 
in  all  branches  of  diversity.  Sc  as  for  the  separate  tranch  cf 
diversity,  it  is  here  expedient  tc  introduce  the  normalized  ratio  of 
the  power  cf  signal  to  the  power  of  the  noise 

.  -(2.35) 

Here  r •.  since  previously  it  was  normalized  relatively  o2:l:, 

assumed  that  the  rms  values  or  signal  and  ncise  in  all  branches  of 
the  diversity  cf  identical  c,=rr>=  j.v  =  c  ard  1 

FOCTSOTE  *.  This  is  not  always  correct.  For  example,  with  angular 
diverse  reception  n-;*-.. tu-  it  is  necessary  tc  use  the  calculation 
method,  presented  in  f  2 . 4  ]  for  the  automatic  selection.  ENDFCCTNOTE . 

Let  us  pass  to  the  examination  of  the  laws  cf  distribution  with 
different  methods  of  cc  i  cinaticr. 

Automatic  selection.  Curing  the  automatic  selection  coefficient 
are  determined  by  the  expression 
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Key:  ( 1)  .  for. 

where  h  -  number  of  channel  with  the  maximum  signal-tc-ncise  ratio. 
The  integral  distribution  of  the  normalized  ratio  of  the  power  of 
signal  to  the  power  cf  ccise  will  ce  equal  [2.6] 

'.V.  0  y,  Y  ‘  —  e~7v.  (2.37) 

‘  ibr 


Page  69. 


The  means  of  distribution  (2.37)  is  easily  explained.  Actually, 
since  with  the  diverse  reception  with  the  automatic  selection  to  the 
output  is  connected  always  tie  charnel  with  the  maximum  value  of  Y, 
then  in  all  remaining  channels  yx<Y,  and  probability  that  in  <V 
channels  Y,  it  is  egual  tc 

{0  <  <  Y}  =  P  (0  <  y,  <  Y)  =  [ I  -  e-r,'v. 

Probability  density 

Utj  “  -Ve“':  ( 1  -  e_V:  )‘V-!.  >2.36) 

Mean  value  yz  can  be  accepted  as  the  measure  of  gain  frcm  the 
use  of  the  diverse  reception  5.  Computations  cive 

°°  .V 

<?»t  =  J  yz  ^  {  yz)  dyz  =  V  1  ;K.  (2.39) 

From  the  latter  formula  it  is  evident  that  the  gain  from  the  use 


cf  the  diverse  reception  rapidly  falls  from  increase  cf  N.  The 
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addition  of  the  s  channel  increases  Q3bt  tv  value  1/k.  with  large  ones 


Optimum  aldition.  Atove  [ see  t ormula  (2.24)  ]  it  was  shewn  that  a 
maximally  possible  gair  corresponds  tc  the  equality 

V 

Brennan  [2.8]  demonstrated  that  in  this  case  the  form  of 

weighting  factors  will  t«  determined  by  the  equality 

aK(t)=  ,  1.2.40) 

V  2  t; 

i.e.,  during  the  optimum  addition  aaplif icat icn  in  the  k  chanrel  must 
automatically  be  regulated  sc  as  at  any  sement  of  time  to  be 
proportional  the  k  component  ot  signal  aid  inversely  proportional  tc 
the  r as  value  of  noise  in  the  k  channel.  Integral  distribution  yz 
with  the  tJ~ fold  reception  with  the  optimum  addition  will  take  the 
form  (see,  for  example  [2.8]) 

_  <Ul) 

Gain  from  the  use  cf  tee  cptinua  additicr 
Q..t=.V  (2.42) 

increases  linearly  with  a  nuater  cf  branches  cf  diversity. 
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Linear  addition.  In  this  case  all  weighting  factors  are  equal  tc 
each  other: 

ai  =  flj=  .  .  .c,=  .  .  ,aN  =  a.  (2.43) 

Virtually  this  nears  that  the  transfer  functions  of  all  diverse 
receivers  must  be  identical  ana,  therefore,  the  circuit  of  all  ABO  is 
in  parallel.  It  is  possible  tc  place  everything  ■>  =!.  The  law  cf 
probability  distribution  during  the  linear  adciticn  for  N>2 
analytical  expression  dees  net  have.  The  fact  is  that  fer  the 
deter aination  of  the  distribution  of  the  sun,  which  stands  in 
numerator  (2. 33)  ,  necessary  tc  find  the  probability  density  cf  the 
sum  of  Rayleigh  random  variables,  tor  which  tc  take  the  integral  of 
the  form 


(«)  = 


UlUi  ■  ■  Uy 
(”)'v 


o  2 

fa* 


du^diu 


• dus . 
(2.44) 


in  which  the  integration  is  conducted  frem  the  N-dimensional  space, 
limited  by  coordinate  planes  and  hyperplane 


1. 


(2.45; 


and  then  to  find  the  integral  law  cf  sum 
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Fig.  2.2.  Integral  distribution  X  tor  different  methods  of  addition 
with  N=2,  N=4 ,  N  =  8.  1  -  optimum  addition,  2  -  linear  addition,  3  - 
automatic  selection. 


Key:  (1).  Y,  dB,  relative  tc  median  with  the  single  reception.  (2). 
c/o  time,  during  which  is  exceeded  value,  indicated  on  ordinate. 
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The  results  of  numerical  integration  for  N=4  and  8  are 
represented  in  Fig.  2.2  (curves  2).  Along  the  abscissa  of  this  figure 
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are  plotted  the  values,  calculated  by  formula  iOC!!—  U".  {0  <  y  <  yj!;  cn 

the  ordinate  -  the  normalized  ratio  of  the  power  of  signal  tc  the 
power  of  noise,  expressed  in  tne  decibels  relative  tc  median  value 
Vaes  with  the  single  reception.  Gain  from  the  use  of  linear  addition 

can  be  calculated  according  tc  formula  [2.8]: 

(2.46) 

Fig.  2.2  gives  the  curved  integral  cnes  cf  the  laws  of 
distribution  for  all  three  methods  of  combination  in  question  with 
the  doubled,  quadrupled  and  octuple  reception,  calculated  according 
to  formulas  (2.37),  (2-41)  and  (2.44).  Values  Q  for  all  three  methods 

cf  combination  into  the  functions  cf  a  number  cf  diverse  receivers, 
calculated  according  tc  formulas  (2.  39),  (2.  42)  and  (2.46),  are 

represented  in  Fig.  2.3.  Ihese  curves  characterize  an  equivalent 
increase  in  the  median  pcwer  of  signal  upon  transfer  from  the  single 
reception  to  that  dispersicr,  Free  the  figure  ere  can  see  that  with 
increase  of  N  the  difference  in  the  gain  between  the  linear  and 
optimum  additions  does  ret  exceed  1  dB,  at  the  same  time  gair  durinc 
the  automatic  selectior  iccreases  considerably  slower.  Given  in  Fig. 
2.2  and  2.3  curves  characterize  the  double  action  of  the  diverse 
reception.  On  one  hand,  tne  diverse  reception  increases 
signal-to-noise  ratic  at  the  output,  i. e.,  it  makes  it  possible  at 
the  assigned  quality  cf  charnels  tc  decrease  the  energy  parameters  of 
system  (power  of  transmitter,  dimensions  of  antennas)  or  in  the  same 
energy  parameters  to  improve  tne  quality  of  channels. 
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Fig.  2.3.  Dependence  of  the  coefficient  cf  ieprcvenent  C  on  the  order 
cf  diversity. 

Key:  (1).  dB.  (2).  Optiaua  addition.  (3).  Linear  addition,  (h). 
Automatic  selection. 

Page  72. 

On  the  other  hand,  the  diverse  reception  sharply  decreases  tts  range 
of  the  rapid  fluctuations  {see  Fig.  2.2),  i.e.,  it  decreases  the 
percentage  of  tine,  during  which  the  signal  falls  below  the  threshold 
cf  systea  and,  therefore,  raises  the  reliability  cf  the  transiissicr 
cf  inforaation.  One  shcuJd  note  alsc  that  the  diverse  reception 
siaultaneously  provides  an  increase  in  the  equipment  reliability  as  a 
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result  of  the  redundancy. 

§2.5.  Selection  of  the  «€tncds  cf  the  coabinaticn  of  the  diverse 
signals  on  the  lines  DIB. 

On  multichannel  radio  relay  lines,  which  use  an  effect  cf  reircte 
tropospheric  propagaticr,  almost  always  is  applied  frequency 
modulation.  The  conducted  into  §2.4  statistical  analysis  of  the 
systems  of  the  diverse  reception  aakes  it  possible  tc  make  a 
comparison  of  the  methods  cf  coibicaticn  for  the  line  of  DTR  with  the 
work  of  higher  than  the  threshold  cf  FM . 


The  power  of  noises  at  the  output  of  the  F B  discriminat cr  in 


general  is  determined  by  rcllowirg  formula  [2.91: 

p  \  ■' p- 


Pt, 


r  ai/  ;  !  —  e 

—  La  — 


\pa 


ifti 


.  (2.47) 


where  Li  and  L2  -  the  ccefficierts,  which  depend  on  the  number  of 
channel,  the  passbands  cf  receiver  and  deviation  cf  frequency.  With 

' —  \  ^  3-4-10.  In  this  case 

Pa  ax 

and  formula  (2.47)  passes  in  the  known  relationship 


the  work  it  is  higher  than  threshold 

-&L 


•  o 


p * 


=  p<, 


Pc  , 


(2.48) 


in  which  P:  iUX~zor,5t  and  in  depending  on  a  change  in  the  signal  at 


the  input  is  changed  the  pcwer  cf  ccises  at  the  output  of  the  F« 
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discriminator  (ChD)  .  Value  j-r5-!  cne  should  tc  replace  by  r  (t)  , 

\  p  ^i  ii 

also,  talcing  into  accocnt  formulas  (2.  25),  (2.26)  and  (2.35)  for  the 
k  branch  of  diversity  record 


if 


P* 


■  ux  k  —  1  :iux 


and  for  the  total  signal 


•  -A 

Lt~ 


p  —  p  _ 

i-j  , t) 


■J-  to  ■ 


(2.49) 


i2.50> 


Page  73. 

Here  v  =  Pc  bui  £•:  and  just  as  it  is  earlier,  is  assumed 

<Ji  =  a2  =  .  =o.v-a  and  s*  =  =  «- .  Knowing  distributions  4MO 

and  y *  ib  easy  to  fine  the  distribution  of  power  cf  noises  at  the 
output  of  ChD.  In  the  integral  laws  of  distribution,  found  in  §2.4, 

'  f  « 

one  should  simply  Y  replace  by  v/P3glliX. 

The  comparison  cf  the  aetneds  of  coibinaticn  is  most  simple  tc 
produce  for  the  doubled  recepticc,  i.e.,  with  w=  2,  since  in  this  case 
are  obtained  the  relatively  simple  expressions  for  the  distribution 
functions.  The  obtained  output  can  be  used  also  for  fcl-fcld  reception, 
if  we  break  it  into  N/2  the  dcutled  receptions,  and  then  to  each  pair 
of  twin  circuits  to  use  tae  sa»e  reasonirgs,  etc. 
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During  the  automatic  selection  of  the  strongest  cf  two  signals 
the  integral  distributer  or  power  of  noise  ic  the  channel  will  be 
determined  by  the  expression,  which  directly  fellows  from  formula 
(2.37)  taking  into  account  (2.5C): 

/ _ i_ \> 

l  iD  \ 

\wn  ( n  p  <"  J>  !  =  !  _ l  I  _ a  '  /  o  o ;  i 

w  2»»t  (u  ^  “m  aim  S^  aiuxj  —  l  ^  1  e  /.  V~-31l 

The  place,  in  which  is  realized  the  combination  cf  signals,  is 
unimportant;  however,  tc  r rt  detector  -  in  the  circuit  OECh  -  a 
combination  must  be  conducted  or  signals  L'hpk  (Pig.  2.4a),  and  after 
detector  -  on  noises  PmaUi k  (Pig*  2.4b).  fcr  isolation  cf 
in  the  branches  of  receiver  with  the  diversity  must  he  special 
monitoring  noise  channels.  Hence  toe  difference  in  the  block  diagrams 
during  the  automatic  selection  bercre  and  after  FM  detector.  The 
control  system  on  the  signal,  obtained  from  the  device  cf  coipariscr., 
disconnects  the  signal,  which  has  smaller  amplitude  (cr  larger  noise 
level) .  Matching  device  is  necessary  for  maintaining  the  constancy  cf 
level  at  the  output  cf  receiver. 

During  the  optimus  addition  the  integral  distribution  cf  power 
cf  noise  will  be  deternineu  by  the  expression  [see  formula  (2.41)  ] 

=  I  —  (l  —  e  *“*)  e  ^““.(2.52) 

System  block  diagram  with  the  optimum  addition  is  given  in  Fig. 
2.5.  The  control  systems  regulate  amplification  in  the  tranches  cf 
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diversity  inversely  prcfcrcicnal  tc  the  ms  value  of  noise  in 
accordance  Kith  formula  (2.40). 

Per  linear  addition  the  significant  role  with  FM  begins  to  play 
the  place  of  addition. 
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Fig.  2.4 
detector 

Key:  (1) 
device, 
f  i  Iter. 


F  AGE 


.  Block  diagras  of  automatic  selection:  a)  on  signal  to  Ffl 
;  b)  on  noises  after  Fa  detector. 

.  Linear  part.  (2).  and.  (3).  Control  device.  (4).  Ccspariscn 
(5).  Matching  device,  (fc)  .  FS  di scrisinatcr .  (7).  Noise 

(8).  Detector  ci  noises.  (S) .  Device  of  comparison. 
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Fig.  2.5.  Block  diagraa  cl  optuui  addition. 


Key:  (1).  Linear  part.  (2).  IB  discriminator.  (3).  Control  device. 
(4).  Noise  filter.  (5).  fiapliiier  cf  noises.  (6).  Matching  device. 


Page  75. 


During  the  addition  to  F B  detector  in  the  high  or  intermediate 
frequency  (Pig.  2.6a)  the  realization  of  gait  from  the  diverse 
reception  makes  it  necessary  to  produce  the  automatic  tuning  of  the 
phases  of  the  added  up  signals,  since  the  phases  cf  signals  will 
differ  from  each  ether  [see  fcriula  (2.14)  ].  For  the  deter  miration  cf 
the  distribution  of  power  of  noises  in  the  channel  it  is  necessary  tc 
take  the  integral  of  fcri  (*.44)  with  N-2,  and  then  tc  switch  over 
from  one  voltage  distrituticn  tc  the  next  y,  and  PjJBwK...  Found  thus 
distribution  takes  the  form 
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2  t*  — j 

where  ^ (z>  =.(yr^r j  e  -  probability  integral.  A  linear  addition 

v  S 

can  be  carried  out,  alec,  attar  FM  detector  (Fig.  2.6t).  In  this  case 
integral  noise  distribution  at  the  output  will  he  determined  by  the 
convolution  integral  of  terse  distributions  in  the  tranches  of 
diversity  and  take  fern  [2.10] 


B7 

aoc-ieAet. 


^ia  awe?  ^ 


J* 


(2.54) 


where  K ,  (z) 


the  modified  function  of  Hankel 


DOC 


30025105 


FAG£  /Jf» 


Fig.  2.6.  Block  diagrai  cf  the  linear  addition:  a)  to  the  detector 
FN,  b)  after  detector  Ft. 

Key:  (1).  Block.  (2).  Heterodyne.  (3).  Control  device.  (4).  Fhase 
discriminator.  (5).  Adder.  (6).  Fh  discriminator. 

Page  76. 

During  the  addition  to  the  detector  the  identity  of 
amplification  the  tractor  [in  accordance  with  the  formula  (2.43)  1  is 
reached  by  the  device  cf  the  couci  for  two  receivers  system  of 
automatic  gain  control  ( AHU ) .  In  this  case  the  factors  cf 
amplification  of  both  tranches  cf  the  diverse  receiver  will  te  equal 
and  determined  in  esserce  ty  the  strongest  cf  two  signals.  The 
realization  of  gain  frc»  the  diversity  required  the  special  system  cf 
the  self-alignment  of  phase  (APf ) ,  which  consists  of  the  phase 
discriminator  and  the  ccntrcl  system,  which  affects  phase  cf  cne  cf 
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the  heterodynes.  Since  tfce  ideal  phasing  of  signals,  naturally,  is 
inaccessible,  it  is  cf  interest  to  determine  the  drcp  in  the  gain 
from  the  diverse  reception  as  a  result  of  an  inaccuracy  in  the 
phasing  of  the  diverse  signals.  Ihe  corresponding  curve  is 
represented  in  Fig.  2..1,  During  the  addition  after  detector  the 
coherence  of  signals  arc  tre  liiearity  of  addition  is  obtained 
automatically;  therefore  tne  bloc*  diagram  Fig.  2.6t  is  simpler.  The 
integral  distributions  cf  power  of  noise  on  the  output  cf  the  F n 
detector  (with  the  work  it  is  higher  than  the  threshold)  for  the 
doubled  reception  and  all  methods  cf  the  combinations,  constructed 
according  to  formulas  (2 . 5  1) - (2 . 54) ,  are  given  in  Fig.  2.8  together 
with  the  distribution  with  the  single  recepticr.  Frcm  Fig.  2.8 
evidently ; 

-  linear  addition  after  F M  detector  gives  considerably  sialler 
gain  in  comparison  with  the  addition  to  the  detector.  This  is 
understandable  frcm  the  pnysical  considerations,  since  after  the  F x 
discriminators  the  signals  in  Blanches  of  diversity  will  be 
identical,  and  noises  -  ceterained  by  that  signal  whose  level  will  he 
less  to  Ptl  detector.  If  we  consider  threshold  properties  cf  F n ,  then 
the  value  of  gain  will  teccae  still  less; 

-  of  three  remaining  distributions  cuite  wcrse  in  automatic 
selection.  Moreover  with  an  increase  in  the  aultiplicity  cf  the 
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divecse  reception  N  a  difference  in  the  automatic  selection  from  add 
systems  rises  (see  Fig.  2.3); 

-  linear  addition  tc  the  detector  insignificantly  differs  in  the 
distribution  from  the  optimum  addition.  It  is  necessary  to  keep  in 
mind  that  during  the  addition  tc  the  detector,  is  improved  the 
signal-to-noise  ratio  tc  the  passage  of  aixture  noise  through  the  F F 
detector  in  which  with  the  drop  in  the  signal  in  lower  than  the 
threshold  occur  the  irreversible  deterioration  in  the  output 
signa 1-to-noise  ratio. 

With  the  doubled  reception  is  very  graphic  the  method  of  the 
geometric  interpretation  of  cttained  results  [2.11]. 


i 


i_ 
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Fig.  2.7.  Decrease  of  the  coefficient  of  improvement  due  to  an 
inaccuracy  in  the  systei  APF. 

Key:  (1).  dB.  (2).  Losses  cf  gain  relative  tc  phased  signal.  (3). 
Angle  between  vectors  cf  added  up  signals. 

Page  77. 


Let  us  examine  the  three-dimensional  picture  (Fig.  2.9a),  in 
which  along  two  axes  are  plotted  the  ratios  cf  actual  stress  cf 
signal  to  the  ras  value  cf  noise  in  the  first  and  second  tranches  of 
the  diversity: 

/  t^npl  _  t  np;  \ 

\  V 2 V  2? J 


tut  along  the  third  axis  -  the  same  relation  at  the  output  of  the 
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system  of  combination  ■ 

Let  us  examine  autcaatic  selection.  Let  in  first  channel  x.  =  c 
(since  be  equal  to  zerc  signal  u,P,).  Then  the  line,  which 
characterizes  dependence  *•  (at  tne  output)  cn  -  (at  the  input  cf 
the  system  of  the  diverse  recepticr)  will  be  straight  line  in  plane 
X:  O'-u.  of  that  lying  at  angle  of  45°  to  axes  (C'F).  Value  Xs  will 
not  be  changed  upon  the  appeararce  of  a  signal  in  the  first  branch  of 
diversity  iXj>o>  until  x*  becomes  more  than  x>.  since  automatic 
selection  system  will  wcrk  sc  tnat  to  the  ontput  nevertheless  will  he 
connected  second  charnel.  This  leans  that  all  points,  which 
characterize  automatic  selection,  will  lie  in  the  plane, 
perpendicular  to  plane  u  O'xj-  .  cf  passing  through  o’F,  i.e.,  in 
plane  FO'H.  In  exactly  the  same  manner,  if  signal  in  second  channel 
then  characteristic  wiil  pass  in  plane  Xi®'x-  Thus,  the 
locus  of  the  characteristics  of  the  system  cf  automatic  selection 
lies  in  two  planes,  perpendicular  to  coordinate  planes  xs  and 

X:°'Xi  and  which  pass  at  angles  cf  45°  to  the  axes. 
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Fig.  2.8.  Integral  distributions  of  power  of  noise  in  telephone 
channel  with  the  doubled  reception  N=2. 


Key:  (1).  Optimum  (ccmtined)  addition.  (2).  linear  addition  tc  4D. 
(3).  Linear  addition  after  40.  (4).  Single  reception.  (5).  Ncise 
level  (8  dB,  relative  tc  power  cf  noise  with  ledian  signal  on  cne 
receiver).  (6).  o/c  tiffs,  during  wcich  is  exceeded  value,  indicated 
cn  ordinate. 


Page  78 
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During  the  linear  addition,  if  in  first 
characteristic  also  will  gc  in  plane  xs 
the  linear  addition 

Un pi  i  np:  1  ^  ~P-  \ 

,  Ti  rrrp  ~  i t i.m  1 2?.j ' 

the  slope  of  characteristic  will  oe  determined  by  factor  -p=-,  showing 
presence  at  the  input  ct  tne  system  of  the  addition  cf  receiver  noise 
whose  signal  is  equal  tc  zero  (line  C’B) .  The  same  will  be,  if 
^,,,0=0.  but  only  in  plane  ys  o’x.  (line  C’G).  If  both  signals  are 
not  equal  to  zero,  then  locus,  which  characterize  the  system  of 
linear  addition,  will  lie  in  tae  plane,  passing  through  o'B  acd  0*G. 


channel  =o.  then 
However,  since  luring 

(2.55) 


Finally,  for  the  cptioua  addition  the  lccus  cf  system  will  be 
the  part  of  the  surface  cf  cone,  which  is  located  in  I  quadrant 
(FLEO').  This  is  explained  ty  the  fact  that  at  the  output  will  be 

determined  by  the  relationship: 


directly  following  from  (2.40). 

The  obtained  geometric  representation  makes  it  possible  tc 

compare  the  methods  cf  combination  with  any  scans  of  the  probability 
distribution  of  signals.  The  two-dimensional  differential  probability 

distribution  of  signals  in  the  chosen  coordinates  will  be  the  surface 
above  plane  (Fic.  2.8 a). 


J 
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Fig.  2.9.  Geometric  interpretation  of  differert  types  of  addition 
(a),  range  of  integration  two-dimersicnal  probability  density  (b) . 

Page  79. 

The  space,  included  between  tae  part  of  the  surface  and  its 
orthogonal  projection  cc  plane  XiO'x:.  is  equal  to  the  probability 
of  simultaneous  impingeient  O’npt/V  and  U^/V  2?  into  tte  range 

of  values,  plotted  along  the  coordinate  axes.  This  means  that  the 
range  of  integration  of  two-dimensional  distribution  will  take  the 
form  Pig.  2.9b,  which  there  is  a  section  of  Fig.  2.9a  by  plane, 
perpendicular  to  The  curve  ate  characterizes  automatic  selection 

dfqe  -  linear  and  ahe  -  optimum  of  addition.  If  is  assigned  certain 
value  of  the  ratio  of  the  voltage  cf  signal  to  the  rss  value  cf  ncis 
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at  the  output  of  the  system  cf  addition  Xi>  cr  cf  the  curves  of  Fig. 
2.9b  it  is  possible  tc  detaining,  tor  what  pairs  Xi  and  Xi  is 
reached  Xs  at  the  different  methods  cf  combiration .  Value  X:  is 
plotted  along  the  axis  OX,,  xt  is  evident  that  during  the  optimum 
addition  for  obtaining  X:  cn  tie  output  add  systems  are  required 
smaller  value  x»  and  X;.  than  kith  ether  methods.  Evident  also  that 
in  the  relation  of  signal  amplitudes  in  the  branches  of  diversity, 

, —  i 

which  lie  from  V  2—1  to  ,  the  system  cf  linear  addition  has 

characteristics  best,  than  in  autcaatic  selection,  and  vice  versa, 
out  of  this  interval  the  autcaatic  selection  is  better  than  the 
linear  addition.  If  now  during  the  study  of  the  surface  of 
two-dimensional  probability  density  it  seems  that  space,  which  is 
located  within  the  sectcr,  limited  by  the  planes,  perpendicular  to 
Fig.  2.9b  and  passing  through  GV  and  OH,  it  is  more  than  outside  it, 
then  system  with  the  linear  addition  will  give  the  best  results,  than 
automatic  selection.  This  is  correct,  for  example,  fer  the  Bayleigh 
law.  Otherwise  the  automatic  selection  is  better. 

The  made  construction  maxes  it  possible  tc  synthesize  the  system 
whose  characteristics  aie  very  close  to  the  characteristics  cf 
optimum  addition.  Let  us  examine  curve  afqc,  which  is  determining  the 
combination,  in  which  in  the  relation  of  signal  amplitudes  from  0.414 
to  2.42(2-1  to  V  y  ~  t  j  cccurs  the  addition  cf  the  signals, 
obtained  frem  both  brarefces  of  diversity,  and  with  drep  in  cr.e  cf  the 
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signals  of  lower  than  C.414  occurs  the  cutoff  cf  weak  signal.  Since 
the  results  of  integrating  the  two-dimensional  probability  density 
for  afqc  and  for  ahc  will  ne  cicse  friend  and  tc  friend,  both  systems 
will  virtually  coincide  in  their  characteristics.  However,  the 
technical  embodiment  of  the  proposed  system,  which  can  be  called 
combined,  is  considerably  simpler  than  the  creation  cf  system  with 
the  optimum  addition.  The  blcck  diagram)  cf  the  construction  cf  the 
combined  system  of  pcst-detector  addition  is  analogous  Pig.  2.4b. 
However,  the  device  cf  comparison  in  this  case  is  not  must  simple  tc 
compare  two  signals,  but  to  determine  their  relation  and  to 
disconnect  the  weakest  signal,  cniy  if  its  level  will  be  2.5  times 
less  than  another  signal.  The  combined  additicn  tc  the  detector  is 
technically  more  complicatea  than  after  detector,  and  at  the  same 
time  it  has  no  advantages. 

Eage  80. 

Comparing  the  systems  of  combination,  cne  cannct  fail  to 
consider  also  that  during  the  automatic  selection  at  the  moments  cf 
switching  signal  from  cne  branch  tc  another,  is  unavoidable  the  onset 
cf  the  transient  processes  whcse  value  can  be  inadmissibly  great.  In 
the  systea  of  the  combined  additicn  this  transient  process  is 
considerably  less,  since  tfce  disconnected  signal  is  2.5  times 
than  remaining. 


less 
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Thus,  best  methods  cf  ccmflanation  on  the  lines  CTR  they  are,  in 
the  first  place,  linear  additicr  tc  FM  detectcr  and,  in  the  second 
place,  the  combined  addition  alter  FM  detectcr.  Eoth  these  cf  methca 
are  very  used  extensively  cc  the  lanes  of  El  F . 

Let  us  compare  these  metacds  between  theaselves.  In  favcr  of  the 
combined  addition  after  FM  detectcr  speak  the  following  advantages. 

1.  With  work  in  field  cf  very  weak  signals,  with  linear  addition 
and  Large  difference  signal  level  output  power  of  ncises  will  be 
determined  by  noises  of  bcth  receivers,  whereas  with  combination  -  by 
noises  only  of  one. 

2.  Use  of  linear  addition  in  FM  detectcr  with  diversity  in 
frequency  requires  sufficiently  cciplicated  device  cf  automatic 
frequency  control  and  phases  cf  added  up  signals.  Hcwever,  as  it  will 
be  shown  below  (see  Chapter  5),  there- are  satisfactory  solutions  of 
this  technical  problem.  The  combined  additicr  after  Ft!  detectcr  is 
technically  sere  simply. 

In  favor  of  linear  addition  to  FM  detectcr  operate  the  following 


factors. 


DOC  =  30C25105 


E  AGE 


1.  In  work  [212]  it  is  shown  that  during  linear  addition  occur 
considerable  expansion  of  effective  band  width  cf  circuit  cf 
propagation. 

This  can  be  explained  by  the  fact  that  during  the  addition  cf 
two  or  several  signals,  which  passed  the  fcur-pcles  with  the  ranicu 
but  independent  frequency  cnaracteristics,  the  spectrum  of  total 
signal  it  will  prove  to  te  that  less  distorted  (by  mu ltiplicati ve 
interference) how  the  spectrum  of  each  of  the  added  up  signals,  whil 
this  means  that  the  total  signal  seemingly  passes  four-pole  with 
random,  but  more  uniform  response.  Consequently ,  during  the  linear 
addition  it  is  possible  tc  pass  through  the  line  cf  DTB  wider 
frequency  spectrum  or  tc  obtain  the  smaller  distortions  of  the 
spectrum.  This  means  that  during  tne  transmission  multichannel 
telephone  signals  during  the  lireai  addition  the  value  cf  transient 
interferences  will  be  substantially  less. 

2.  During  transmission  ot  IV  signals  linear  addition  causes 
considerably  less  than  distortions  and  disruptions  cf 
synchronization,  than  combined. 


3.  Operating  raisa  licnment  cf  circuits  cf  addition,  unavoidable 


DOC 


30025105 


E  AGE 

in  process  of  operation,  it  will  cause  during  that  combined,  addition 
of  inadnissifcly  large  oscillation  cf  signal  level  in  circuit 
(oscillation  of  overall  line  attenuation  in  channels),  whereas  during 
linear  addition  this  will  causa  only  certain  deterioration  in 
signal-to-noise  ratio  2£  a  result  cf  incomplete  realization  cf  gain 
from  diverse  reception. 

Page  81. 

Generally,  as  show  experimental  investigations,  the  system  cf  linear 
addition  to  FM  detector  is  considerably  less  susceptible  to  any  kind 
to  operating  changes  in  the  circuits  of  the  branches  of  diversity. 

The  effect  of  operating  ilsalignaent  on  the  effectiveness  cf  the 
diverse  reception  is  characterized  by  the  curve  cf  Fig.  2.10.  Along 
the  abscissa  Fig.  2.10  is  plctted  the  relation 

7 I  WA  __  Ur,  pi  tin  I  Up  pi  yeg 

/nr  /  vw 

in  the  branches  of  diversity.  A  change  in  relation  xiWte'wa  can 
occur  both  as  a  result  cf  changing  the  a *pli f ication  in  the  circuits 
of  diversity  and  as  a  result  of  changing  noisiness  cf  the  diverse 
receivers. 
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Fig.  2.10.  Effect  of  operating  Misalignment  cn  the  effectiveness  of 
the  diverse  reception. 


Key:  (1).  Crop  in  the  e 1 1 ecti veress  of  diversity  ( d E )  . 
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Page  82- 

Chapter  3. 

FREQUENCY  CHARACTERISTICS  OF  THE  SECTION  OF  RADICWAYE  PROPAGATION  IN 
A  TROPOSPHERE. 

§  3.  1.  Introduction. 

on  the  tropospheric  radio  communication  links  the  signal  at 
input  of  receiver  is  the  sua  c£  a  large  cumber  cf  components, 
re-emitted  with  the  individual  heterogeneities  cf  the  dielectric 
permeability  of  air.  These  ccapcnents  are  propagated  in  the 
troposphere  on  different  paths  and,  therefore,  they  have  different 
time  lag.  If  k-th  competent  signal  has  time  lag  t„,  then  at  the 
frequency  of  transmitter,  equal  to  u,  the  phase  of  this  component  is 
equal  to  wt.-rcp,.  where  **  -  time  cf  reflection  coefficient  from  a 
k-th  of  heterogeneity.  Signal  at  the  input  cf  receiver  is  equal  to 
the  vector  sua  of  the  separate  delaying  components,  which  is 
illustrated  by  vector  diagram  Fig.  3.1a.  With  a  change  in  the 
frequency  cf  transmitter  cn  Au  the  phase  of  k-th  coapcnents  will 
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become  equal  to  (>o- liulx.,-?,,,  i.a.  «ith  a  change  in  the  frequency  cf 
transmitter  change  the  phases  cf  all  components  cf  signal  l. 


FOOTNOTE  ».  With  a  charge  in  the  frequency  cf  transmitter,  generally 
speaking,  change  also  the  aipiitudes  of  separate  components,  since 
the  coefficient  of  reflection  of  radio  waves  frcm  the  hetercgeneitie 
of  the  troposphere  depends  cn  the  frequency  (see  Chapter  1).  However 
with  the  small  relative  change  the  frequencies  cf  the  transmitter 
(order  1o/o)  of  the  amplitude  cf  the  components  cf  signal  virtually 
do  not  change.  ENDPOCTNC1E. 
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Pig.  3.1.  Change  in  amplitude  and  phase  cf  tctal  signal  at  the  input 
cf  the  receiver  of  troFespheric  line  with  a  change  in  the  frequency 
cf  transnitter. 

Page  83. 

Fespectively  will  change  aaplitude  and  phase  cf  total  signal  at  the 
input  of  receiver  as  this  shewn  in  Pig.  3.  It.  Thus,  as  a  result  of 
the  aulti pie-pronged  radiowave  propagation  in  the  troposphere  signal 
at  the  input  of  receiver  has  different  aaplitude  and  phase  at  the 
different  frequencies;  Iczttexacre,  a  change  ir  the  phase  is  in 
general  disproportionate  to  a  change  in  the  frequency.  Consequently, 
the  section  cf  radiowave  propagation  in  the  troposphere  can  he 
considered  as  certain  iinear  fccr-pcle  with  fcy  renuniform  the 
aa plit ude-f regue ncy  and  nonlinear  phase- frequency  by  characteristics. 
Intensity  and  location  of  heterogeneities  in  the  troposphere 
continuously  change  dutirg  randcaly;  respectively  they  change 
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amplitude  and  tine  lag  cf  the  separate  components  of  multiple-pronged 
signal.  Therefore  the  form  cf  the  amplit ude- frequency  and 
phase-frequency  characteristics  of  the  section  cf  trcpospheric  line 
also  continuously  and  randcily  they  change.  In  ether  words,  these 
characteristics  are  the  random  functions  cf  frequency. 

Curing  the  transmission  aieng  the  tropospheric  lines  of  the 
nodulated  signals  the  nerunifermity  of  the  a mplitude-f requeue y  and 
the  nonlinearity  phase  response  cause  signal  distortions.  With 
multichannel  telephony  appear  transient  noises  in  the  channels,  with 
the  television  is  lost  the  clearness  and  it  appears  "plastic"  on  the 
image,  durinq  the  transaissicn  cf  digital  information  are  distorted 
"telegraph"  iapulses  arc  is  lost  atthenticit y.  Since  the  fcra  of  the 
frequency  characteristics  of  section  continuously  changes,  then  value 
and  character  of  these  distortions  also  change  randomly.  In  the 
incorrectly  designed  trcpospheric  ccmmunicatirg  system  signal 
distortions  due  to  the  multi-team  character  cf  propagation  can  be 
considerable.  Therefore  tae  analysis  of  the  amplitude-frequency  and 
phase- frequency  characteristics  of  the  section  cf  trcpospheric  line 
has  great  practical  value. 

Since  the  frequency  characteristics  of  the  section  cf 
trcpospheric  line  are  the  random  functions  cf  frequency,  then  their 
analysis  should  be  carried  cut  the  mathematical  methods  cf  the  theory 
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of  random  functions.  Tfe  theory  of  random  fu 
completely  developed  is  connection  with  by  t 
tiae  -  to  random  processes.  In  particular,  i 
sufficiently  well  studied  the  randcm  process 
fluctuation  noises  of  radio  engineering  equi 
static  characteristics  cf  multiple-pronged  s 
the  section  of  tropospheric  line  have  auch  i 
characterist ics  fluctuation  noise.  Por  this 
worts,  dedicated  to  the  analysis  cf  the  freq 
the  section  cf  tropospheric  line,  are  used  e 
relationships  of  the  ttecry  cf  fluctuation  t 

FOOTNOTE  *.  These  relationships  are  applied 
the  characterist ics  cf  ether  aultiple-pr enge 
radiocomnunicaticns  with  the  use  cf  ionosphe 
ultrashort  waves  and  duriny  the  use  of  the  a 
coaaunications  relay.  E » EFCCTSOIE . 

Fage  84. 

However,  one  should  have  fora  that  the  analc 
fluctuation  noise  and  the  signal  with  the  au 
exists  only  in  a  sense  and  the  arbitrary  tra 
the  theory  of  noises  tc  the  aulti p le- pronged 


notions  is  aost 
he  random  functions  cf 
t  radio  engineering  are 
es,  which  are  the 
paect  [ 3 .  1-3. 3  ].  The 
icnal  at  the  output  of 
t  common  with  statistical 
reason  in  the  numerous 
uency  characteristics  of 
xtensively  the 
cises 

also  during  the  study  of 
d  channels  -  with 
ric  scattering  of 
ccn  as  the  passive 


gy  between  the 
ltiple-prcnged  structure 
nsfer  of  the  positions  cf 
signals  can  lead  to 


1 
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errors.  Therefore  in  the  beginning  of  this  chapter  briefly  reaind  the 
reader  of  some  relationships  cf  the  theory  cf  fluctuation  noises  and 
further  let  us  show  hoe  tnese  relationships  they  can  be  used  for  the 
analysis  of  the  frequency  characteristics  of  *ultiple-prongec 
channel. 

§  3.2.  Generalization  cf  scae  relationships  cf  the  theory  cf 
fluctuation  noises  fcr  the  signals  with  the  aulti pie-pronged 
structure . 


Fluctuation  noises.  Fluctuation  noise  is  stationary  nerval 
random  process.  If  is  specific  k-tb  realization  cf  this  process 
(i.e.  noise  at  the  output  of  specific  radio  engineering  equipment) 
and  the  values  of  this  realization  are  krcwc  in  entire  time  interval 
from  -  -  to  -K^then  car  te  found  the  composite  spectrum  of  this 
realization  s.v.i'  moreover  i,  and  s.  are  connected  with  the  pair 
of  Fourier  transforms,  i.e., 

30 

s„.,0)=  \ 


•— oo 


(3.1) 


The  composite  spectrum  fcr  another  specific  realization  cf  noise 
will  take  already  another  fora.  The  spectral  composition  of 
fluctuation  noise  as  a  whole  tor  all  possible  realizations  is 
determined  by  energy  spectrua  G(£).  Energy  spectrum  is  obtained  as  a 
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result  of  averaging  on  all  possible  realizations  2  cf  the  square 
modulus  cf  the  composite  spectrum  of  these  realizations,  i.e., 

CiQ)  =  '.SlU)l*.  (3.2) 


FOOTNOTE  2.  In  the  literature  tte  energy  spectrum  is  introduced 
usually  as  the  result  cf  averaging  on  the  time  cf  the  square  modulus 
of  the  current  spectrum  cf  cne  realization.  8e  used  here  averaging  cn 
many  realizations,  which  for  the  stationary  F*ocess  gives  the  same 
result.  In  this  case  tc  more  easily  establish  analogy  with  the 
multiple- pronged  signals;  hcwever,  are  here  assumed  to  be  known  ones 
all  values  of  noise  in  the  time  interval  from  -•  to  this 

assumption  is,  naturally,  the  mathematical  ficticn.  ENDPOOTNOTE. 


Energy  spectrum  gives  only 
distribution  of  noise  according 
harmonic  components  and  it  dees 
these  components. 


the  averaged  pictcre  cf  the  energy 
tc  the  frequencies  cf  elementary 
net  consider  phase  displacements  cf 
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During  calculations  it  is  convenient  to  use  the  standardized  energy 


spectrum  which  is  deteriined  from  the  formula 

G(Q) 


g(Q)  = 


G  (0)  ' 


(3  3f 


The  static  dependence  between  the  values  cf  fluctuation  noise  at 
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the  moments  of  time  t  and  t*r  is  characterized  by  correlatioc 
function  by  time.  Frequently  is  utilized  the  normalized  correlation 
function,  which  is  called  also  the  correlaticr  ccefficient.  The 
correlation  coefficient  ty  time  is  determined  from  the  formula 


*(T)  = 


U[t)  U  (I  —  T) 


<**(') 


(3  4) 


According  to  the  theorem  of  A.  Ya.  Rhinchin  the  correlation 
function  of  the  time  arc  the  energy  spectrum  of  fluctuation  tcise  are 
connected  with  the  pair  ci  Fourier's  transforms.  The  respectively 
normalized  correlation  function  and  the  standardized  energy  spectrum 
are  connected  with  relationships  [33]; 


\  R  (t)  cos  Qt  d  x 

g(Q)=l__ - ,  '  ,3  5> 

J  Rir)dr 


\  g  (Q)  cos  Qt  a  Q 
o 

— - 

1’  ?(Q)dQ 


(3.6) 


In  radio  engineering  frequently  is  necessary  to  deal  concerning 
the  fluctuation  noise,  which  passed  through  band-pass  filter  with  the 
central  frequency  «0  and  the  passband,  much  less  than  central 
frequency.  In  this  case  fluctuation  noise  it  is  convenient  to  present 
as  the  quasi- harmonic  oscillation  which  takes  the  form 

u  (/)  a*  U  (0  COS  [(Og  i  <*>  (/)J.  (3'<  ) 

where  0  (t)  -  random  amplitude  *,  and  -  random  phase  of  this 
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fluctuation. 

FOOTNOTE  *.  In  the  literature  U  (t)  they  frequently  call  also 
"envelope"  of  fluctuaticn  noise  £3. 1-3. 3],  EKEFCCTNCTE. 


Central  frequency  it  is  expedient  to  select  fcr  the  equal  abscissa  c 
the  "center  of  gravity"  cf  energy  spectru*  cf  ncise  as  the  plane 
figure,  i.e.,  <j0  it  is  deterained  fro*  the  fcraula: 

c  « 

Oi  g  (o>)  d  u> 

uj0  = -  .  (3  S) 

JO 

J  S  (<*>)  “ 

— oo 

Fage  86. 


To  the  representat icn  of  fluctuation  ncise  in  the  form  (3.7) 
corresponds  its  vectcr  iaage,  shewn  in  Pig.  3.2.  with  this  image  the 
instantaneous  value  cf  cease  u  (t)  is  equal  tc  the  projection  cf 
vector  with  an  amplitude  of  0  ( t )  ard  phase  ♦(')  cn  the  axis,  which 
rotates  with  the  circular  velocity  u0.  Fro*  Fig.  3.2  it  directly 


fellows  that  _ 

U  (1)  =  V  ?'  (0  —  Or 10. 

Q{t) 

0U)=ar,t3— . 


(3.9) 

(3.10) 


where  P(t)  and  Q(t)  -  prcjectiocs  cf  vector  tc  the  motionless 


coordinate  axes 
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Processes  P(t)  and  C(t)  have  the  normal  lav  cf  probability 
distribution  and  the  sas«  energy  spectrum,  as  the  instantaneous  value 
cf  noise  u  (t)  ,  only  the  center  of  this  spectrua  is  transferred  frcir 
the  frequency  u0  tc  the  zero  frequency.  Trcn  the  theory  of 
fluctuation  noises  it  is  also  known  that  the  correlation  coefficients 
in  time  cf  processes  Pit)  and  Q  (t) ,  equal  tc  each  other,  are 
connected  with  the  standardized  energy  spectrcm,  displaced  for  the 
zero  frequency,  relationship  £3.2;  3.3]: 

QO 

\  g(0)  cos  QxdCl 

Rp  (T)  =  Rq  It) 

\  g{&)d  Q 

I?  '  <2  =  Lp —  illo  (2-  H  ) 

The  coefficient  of  crass  correlation  fcr  processes  of  P (t)  and 
C(t)  is  determined  by  the  relationship 

l  g  (Q)  sin  Qrd  Q 

R?qKx)  =  ^-2 - ,  (3.12) 

f  sifiwa 

—  X 

from  which  evident  that  at  the  coinciding  moaents  of  time  P  (t)  and 

C (t)  between  thenselves  they  are  net  correlated,  i.e., 

R?q  lO)  =  0.  (3.13) 

with  the  symmetrical  relative  to  central  frequency  energy 
spectrum  (i.e.  with  the  symaetrical  relative  tc  zero  frequency 
displaced  spectrum)  from  (3.11)  and  (3./2)  it  fellows  that 

\  g  i.Q:  cos  Qt  J  Q 

R j  ,t)  =  Rj  it)  =  - .  (3.  U) 

-  ■»  » 

!  g  <  Q)  dQ 

j 

Rpq  (T)  i  3.  i3.15) 

—  •  “ '  •  P  (  3,  n  '  j  ~  v  '  O  v-  -  a-  -  viv)  ^  ^  r,  *-  a  rs  *-  -5  •  -  -  r*  i  -  —  --  -■»  *-  - 
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Pig.  3.2.  Vector  image  cf  fluctuation  noise  as  quasi-harmonic 
oscillation. 


Fage  87. 

With  the  static  properties  cf  processes  E(  t)  and  C  (t)  indicated  the 
amplitude  of  the  quasi- harmonic  oscillation  D  (t) ,  connected  kith  F  (t) 
and  Q ( t)  with  relationship  (3.9),  is  distrituted  according  tc  the  law 
of  Rayleigh.  The  density  of  distribution  of  probabilities  for  the 

Fayleigh  law  takes  the  fcr«  T3.i;  3.3  1: 

{/•* 

U  ~  JTT 

V(U)=—e  .  u  ■  l3.:or 

and  the  integral  law  cf  probability  distribution  -  the  form 

c 

F(u<U)=*  2’*,  (3.  ;7y 

where  2*2=U2  -  the  meat  square  cf  amplitude. 

Is  frequently  examined  alsc  the  combined  passage  through  the 


filter  of  fluctuation  rcise  and  regular  sine  wave  with  an  amplitude 
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of  0o.  In  this  case  the  amplitude  cf  total  signal  is  distributed 

according  to  the  generalized  Rayleigh  law,  the  density  of 

ia-  n  i  c  h 

distribution  cf  probabilities  for  takes  the  fora 


u 


u'+u  5 


-*2  a 

e 


13.13)- 


where  I0  -  a  Bessel  function  of  iaaginary  argument.  The  integral 
generalized  Rayleigh  law  cannot  be  expressed  in  the  analytical  form 
and  it  is  usually  assigned  graphically.  Curing  Rayleigh  distributicn 
for  the  amplitude  its  correlation  coefficient  is  determined  from 
formula  [3.1] 

Pu  ( r )  =  0,921  pJ  (r)  -  0,C576p‘  (r)  -f  0,0144  p*  (t),  l3. 19> 

or  according  to  the  approximation  formula 

Ry  (t)  p*  (t)  ,  (3  2o'i 


where 


P1  (T)  =  Rl  (t)  +  (t). 


13.21) 


With  the  combined  passage  through  thj  filter  cf  fluctuation  rcise  and 
regular  sine  wave  the  correlation  coefficient  fcr  the  total  amplitude 
is  determined  frcm  very  complicated  formula  [2.2;  3.3].  The 
approximate  simple  expression  fcr  this  case  cttained  in  [3.4]  takes 
the  form  ,-s* 

RU  (T)  =»  [P(T)1  ,  1 3 .22) 


u0 

where  -  ratio  cf  the  power  of  signal  tc  the  average  power  cf 

noise.  The  phase  of  quasi-harmcnic  oscillaticr  (3.7)  is  distributed 
evenly  in  the  limits  frcm  0  to  2»,  i.e. ,  has  probability  density 

1*  (<$)=  — —  ,  0  <<i>  .  2.1.  (3.-23V 

2.1 
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The  approximate  simple  expression  fcr  the  coefficient  cf 
correlation  of  phase  obtained  in  £3.4]  takes  the  form 

^  (T)  =»  P4/3  ( T).  (3  -4> 

Page  88.  fp  Quasi-haiitcnic  oscillation  (3.7)  can  be  examined  just 
as  oscillation  with  the  randomly  instantaneous  frequency  u0*£u(t), 
moreover  frequency  u0  it  is  convenient  tc  select  for  the  equal 
abscissa  of  the  "center  cf  gravity"  of  energy  spectrum,  determined 
according  to  formula  (3.6).  The  deviation  of  the  instantaneous 
frequency  from  u0  the  equally  derived  phase  with  respect  to  the  time, 
i .  e  . ,  2  d> .;) 


moreover  phase  is  connected  with  P  (t)  and  C  (t)  with  formula 

(3.10).  Daring  the  symmetrical  energy  spectrum  and  the  normal 
distribution  of  processes  of  P(t)  and  Q(t)  the  probability  density 
for  the  deviations  of  the  instantaneous  frequency  takes  the  form 


[3.2;  3.3] 


■tT(Aw)  =- 


/. 


Aa>- 

Awr 


(3.26) 


and  the  integral  law  cf  probability  distribution  for  the  atsclute 
value  |huj: 

Aru- 

a<j; 


5>  Aw'  <  Aw)  = 


(3.27) 
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Here  Aut  -  average  value  fcr  the  absolute  (on  the  sign) 
frequency  deviation,  i.e., 

=  Aui  I'M  .  ,  (3. 23) 

Value  Aut  is  equal  to  the  "radius  of  irertia"  cf  energy  noise 
spectrun  as  the  plane  figure  and  is  deteraiced  frca  the  fcraula 

co 

\  Q-g(Q)dO 

A»>?  =  — -  .  (3.29) 

‘  OC 

I  S(2)a9 

J 

—  CO 

where  Q=u-u0:  u0  -  central  frequency,  determined  according  tc  formula 
(3.8).  the  average  significance  of  a  deviation  cf  frequency  frca  uQ 
is  equal  to  zero;  the  mean  square  cf  these  divergences  is  calculated 
be  it  cannot,  since  the  ccrresp ending  integral  diverges. 

Multiple-pronged  signals.  1st  us  now  aeve  cn  tc  the  exaiinaticn 
of  signals  with  the  mu lti pie- preaged  structure.  Signal  with  the 
mu Iti pie-pronged  structure  is  called  signal  at  the  output  of  the 
communication  channel  with  the  multiple- pronged  (multipath) 
propagation  of  electromagnetic  energy  during  the  supplying  tc  the 
input  of  the  channel  of  sinuscidal  oscillation  with  the  frequency  u0; 
it  is  assumed  that  this  chancel  is  linear  fcur-pole  has  the  random 
:ariieters.  The  dependence  of  amplitudes  and  phases  cf  separate 
t  of  j-i  It  i  p  1  e  -  (  rc  ng « a  signal  on  their  time  lag  is 

i  »  1 .  /•.  y,  i)  the  ccmpcsite  pulse  reaction  cf  channel 
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S ( r) ,  i.e.,  by  response  to  the  output  of  multiple-pronged  channel, 
during  the  supplying  tc  its  input  of  "radio  pulse"  with  the  frequency 
u0  and  the  amplitude,  wfcjch  is  changed  according  tc  the  law  cf 
6-function  ». 

FOOTNOTE  ».  In  the  literature  pulse  reacticr  (cr  pulse  transfer 
function)  usually  is  called  the  response  to  the  output  of  four-pole 
during  the  supplying  tc  its  input  of  the  impulse  cf  direct  current 
[3.5];  response  to  the  ispulse  with  the  high-frequency  filling  (radio 
pulse)  in  the  literature  occasionally  referred  tc  as  pulse  reaction 
on  the  envelope  [3.6], 

Eage  89. 

Actually  for  the  multi ple-picnged  channel  this  response  consists  cf 
the  series/row  of  the  delayed  pulses  which  have  amplitude  and  phase 
of  filling  corespond  tc  amplitudes  and  tc  phases  cf  the  separate 
components  of  output  a u It i p le- p ronged  signal.  Fcr  the  estimate  of 
distortions  in  the  communication  channel  it  is  possible  tc  utilize 
the  composite  transfer  function  cf  channel  which  characterizes  a 
change  in  amplitude  and  phase  cf  output  signal  with  a  change  in  the 
frequency  of  input  signal.  Ccapcsite  transfer  function  can  be 
recorded  in  the  exponential  lcri 

/f(Q)  =  ;/C(Q)| 


;3  30V 
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cr  in  the  algebraic  for* 

=.^G>~;4(2).  v.3 . 3 :  > 

moreover 

\K  (0)|  =  )  -^’(0)  .  i3  3.') 

vJlO) 

^(Q)  =  w^Ur— •  (3  33> 

P(Q) 

Moreover  IKvnn  -  amplitude-frequency ,  ard  '*rC) 
phase-frequency  cf  the  characteristic  of  the  channel;  P (Q)  and  Q (Q) 
with  respect  real  and  imaginary  part  cf  the  transfer  function.  For 
the  the  specific  k-ch  realization  of  the  randcm  parameters  of 
■u lti pie- pronged  channel  its  composite  transfer  function  and 
composite  pulse  reaction  are  connected  with  the  pair  cf  Fourier 
transforms  [ 3.5]: 

•o 

A'*(C)=  \ 

—  oa 

j  io  3-t> 

|  .v«tr  j o 

C.i  j 

Let  us  recall  that  in  this  examination  2  t)  -  response  tc  the 
effect  of  radio  pulse  %ith  the  traguencv  u0.  'ihwr^ccre  in  (3.22)  Q  i 
detuning  relative  to  frequency  i.e  , 

Let  us  determine  new,  what  jc  logy  occurs  between  the 
fluctuation  noise  and  the  mu lti j le- pronged  signal.  Fcr  the  specific 
realization  of  fluctuation  noise  the  dependence  of  amplitudes  and 
phases  of  elementary  haracnic  components  on  the  frequency  is 
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determined  by  the  composite  spectrum  S(Q);  fcr  the  specific 
realization  of  multi  pie- prong ed  channel  the  dependence  of  amplitudes 
and  phases  of  the  separate  ccapcnents  of  signal  at  the  output  cf 
their  time  lag  is  deterained  fcy  the  composite  pulse  reaction  S(r). 

The  specific  realization  of  fluctuation  noise  and  its  composite 
spectrum  are  connected  with  the  pair  of  Fourier  transforms  (3.1).  For 
the  specific  realization  cf  multiple-pronged  channel  composite 
transfer  function  and  composite  pulse  reaction  are  connected  with  the 
pair  cf  Fourier  transfccas  (3.34).  Consequently,  for  the  transfer 
function  of  multiple-pronged  channel  pulse  reaction  plays  the  same 
role,  as  the  spectrum  fcr  the  fluctuation  ncise.  However,  in  the 
examination  of  one  realization  still  there  is  rc  complete  analoqy 
between  the  spectrum  of  fluctuation  ncise  and  the  pulse  reaction  of 
multiple-pronged  channel.  Actually  the  "spectrum"  »  cf  composite 
transfer  function  is  ottained  from  it  with  the  aid  cf  the  direct 
Fourier  transform,  while  the  pulse  reaction  S (r)  is  obtained  from 
K (Q)  with  the  aid  of  inverse  transformation  cf  Fcurier. 


FOOTNOTE  l.  Here  and  throughout  wcrd  the  spectrum  is  placed  into  the 
quotation  marks,  since  discussion  deals  with  the  spectrum  for 
functioning  the  frequency,  but  not  the  function  cf  time,  as  this 
usually  has  the  place  in  radic  engineering. 


Page  90 
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Thus,  the  composite  "spectra"  of  functions  K <£) 
characterized  by  sign  vita  the  imaginary  part, 
moduli,  but  different  phases.  The  analogy  indie 
complete,  if  we  examine  net  cne  realization,  tu 
and  multiple-pronged  channel  as  a  whole.  The  sp 
fluctuation  noise  as  a  whole  tor  all  possible  r 
characterized  by  energy  spectrum  G  (Q) ;  fer  the 
au lti pie-pronged  channel  as  a  whcle  it  is  pcssi 
energy  pulse  reaction  which  is  obtained  as  a  re 
realizations  of  the  square  modulus  of  pulse  rea 


G(t)=  ;s(t)p. 

(3.35) 

During  calculations  it  is 

convenient 

tc  us 

energy  pulse  reaction  which  is 

ceter lined 

f  rca 

G 

(3.36) 

A  siailar  to  energy  spectrum  energy  pulse 
only  the  averaged  energy  distribution  according 
components  and  does  net  consider  the  phase  shif 


and 

S  (r)  are 

.  €. 

,  have  id 

entica 

ted 

will  be. 

howe  v 

fl 

uctuation 

noise 

ctr 

al  struct 

ure  cf 

ealizatiens  is 
characteristic  of 
ble  tc  introduce  the 
suit  cn  all  possible 
ction,  i.e., 

e  the  standardized 
the  formula 

reaction  characterizes 
to  the  deLayicg 
ts  between  then. 


Above  it  was  shown  that  for  cne  realization  the  "spectrum"  cf 
transfer  function  to  the  pulse  reaction  cf  a u lti pie- pronged  channel 
they  coincide  in  the  modulus.  It  is  obvicus,  the  same  modulus  have 
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the  "spectra"  P ( Q)  and  Q  (fi) ,  i.e.,  the  real  acd  imaginary  parts  of 
the  transfer  function,  Therefore  according  tc  (3.2)  the  energy  pulse 
reaction  of  multiple-pronge d  channel  with  the  random  parameters  is 
the  "energy  spectrum"  fcr  real  and  imaginary  parts  and  transfer 
function  l. 

FOOTNOTE  i.  For  the  coipcsite  function  it  is  possible  tc  speak  only 
about  the  energy  spectrum  of  real  and  imaginary  parts,  since  for  the 
complex  quantity  concept  “energy"  is  deprived  cf  sense.  ENDFCCTNCTE. 

Cf  this  consists  the  acalcgy  between  the  fluctuation  noise  and  the 
multi  pie- pronged  signal,  from  whicn  follows  this  rule: 

during  the  analysis  of  the  transfer  function  of  multiple-pronged 
channel  with  the  random  parameters  it  is  possible  tc  use  the 
relationships  of  the  tfcecry  of  fluctuation  rcises,  after  replacing  in 
these  with  relationships  time  by  the  frequency  and  the  energy  noise 
spectrum  G  (Q)  for  the  energy  pulse  reaction  cf  the  multiple-pronged 
channel  G  (r)  . 

The  rule  indicated  will  be  used  for  determining  the  static 
properties  of  the  transfer  function  of  multiple-pronged  channel  and, 
in  particular,  section  of  radiowave  propagation  in  the  troposphere. 
First  of  all,  let  us  determine  the  static  dependence  between  the 
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values  of  the  real  part  c£  the  transfer  function  of  multi  pie- pronged 
channel  at  frequencies  *  and  <•♦£.  lhis  statistical  dependence  is 
described  by  the  correlation  coefficient  in  the  frequency,  which  is 
determined  by  the  relaticnship 

=  — ■ — — - ■  (3  3i) 

pt 


For  the  energy  pulse  reacticn  it  is  expedient  tc  introduce  the 
concept  of  the  "central"  tiae  lag,  equal  to  the  abscissa  of  its 
center  of  gravity  as  the  plane  figure.  Analogous  with  the  central 
frequency  cf  spectrua  (3.8)  this  central  tiae  lag  can  be  determined 
according  to  the  formula: 


JO 


'  TS(r)JT 


I  S(t  )dx 

J 


(3-38) 


Eage  91. 


Then,  by  analogy  with  (3.11)  the  correlation  coefficients  in  the 
frequency  for  the  real  and  imaginary  parts  cf  the  transfer  function 
P(Q)  and  Q (Q)  they  are  ccnnected  with  the  energy  pulse  reacticn  whose 
center  is  displaced  to  the  zero  tiae  lag,  by  the  re laticnshi p/ratio 

oo 

J  8  <Ti)  COS  flTi  d  Tl 

^p(Q)  =  (Q)  = - — - ,  1,3. o9> 

j  £(v i)8tx 


where  t,=t-t0;  r0  it  is  determined  according  tc  formula  (J.38).  The 
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coefficient  of  cross  ccrielaticn  for  randoa  functions  P (Q)  and  0(C) 
by  analogy  with  (3.12)  is  determined  by  the  relationship 


j  3  (TOsInQtiiT! 

— go _ _ 

cm  v 

j  g  (xi)dx1 


frca  which  it  follows  that 

(0)  =  o.  (3.4;> 

i.e.  values  P  (Q)  and  Q  (C)  are  net  correlated  at  the  ccincidicg 
frequencies.  If  energy  poise  reaction  is  syaactcical  relative  to  its 
central  tine  lag,  deterained  according  tc  foraula  (3.38),  then  from 
(3.39)  and  (3.40)  it  fcllcws  that 


J  3  (t|)®s  Qn  d  rt 


1  g(Xi)drt 


Rpq(Q)  =  0,  13.43) 

i.e.  values  of  the  real  and  iaaginary  parts  cf  the  transfer  function 
they  are  not  correlated  f or  any  frequencies.  The  projections  cf  the 
amplitude  cf  total  signal  on  the  coordinate  axes,  considered  as  the 
functions  of  frequency,  depict,  obviously,  the  real  and  imaginary 
parts  of  the  transfer  fuccticn  cf  mltiple-prcnged  channel  (cn  the 
specific  scale).  Proa  Pig.  1  it  follows  that 


P  (Q)  =  i\  cos  (Or*  4-  <fc) 


Q  (Q)  =  ^  U,  sin  (Qr„  -f  <p,)  | 
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Let  us  assuae  now  that  the  signal  at  the  output  of 
multi pie-pronged  channel  is  created  by  a  large  quantity  of  uniform 
reeaitters,  moreover  signal  amplitudes,  reflected  free  these 
reeaitters,  are  statistically  net  depended,  and  the  phases  of  signals 
evenly  distributed  in  the  Units  from  0  to  2>. 

Page  92. 

Under  the  assumptions  cf  value  E  (ti)  and  C  ( Q )  indicated  are  the  sums 
cf  a  large  quantity  cf  independent  and  equally  distributed  components 
with  amplitudes  of  U*  ard  time  lags  r  Consequently,  according  tc 
central  limit  theorem  the  probability  theory  (tc  Lyapunov  theorem) 
values  P (Q)  and  C (0)  are  distributed  according  tc  the  normal  law 
[3.2;  3.3].  Since  the  phases  cf  components  are  distributed  evenly 
from  zero  to  2v,  then  all  composed  and,  consequently,  also  values 
P(Q)  and  Q(Q)  have  zerc  average  value.  Furthermore,  as  it  was  shewn 
above,  P(Q)  and  £(Q)  between  themselves  were  net  correlated.  From  the 
theory  of  fluctuation  ccises  it  is  known  [ fer  3.2;  3.3],  that  with 
the  statistical  properties  of  values  E(Q)  and  C  (G)  indicated  the 
values  of  amplitude  -frequency  characteristic  of  multiple-prcnged 
channel,  connected  with  E (£)  and  Q  (Q)  with  relaticnship  (3.32),  are 
distributed  according  tc  the  law  ct  fiayleigh,  i.e.,  have  density 
pr ctabilities  (3.16)  acd  integral  law  cf  probability  distribution 
(3.17).  The  values  of  the  phase- frequency  characteristic,  connected 
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with  P  (Q)  and  Q(Q)  with  relationship  (3.23),  are  distributed  evenly 
frcm  0  tc  2w,  i.e.,  they  have  a  probability  density  (3.23). 

Curing  the  Bayleigh  distribution  for  the  values  cf  the 
amplitude- frequency  characteristic  the  ccrrelaticn  coefficient 
between  these  values  at  frequencies  u  and  u  +  G  it  is  analogous  (with 
3.19),  (3.20)  and  (3.21)  it  can  be  determined  according  to  the 

formula  (Q)  =0.921  ?:(Q) -0.0576  ,o*(Q)  -  ....  (3. 45) 

cr  according  to  the  approximation  formula 

iii)  s»pj;q),  (3-46> 

where 

pz  '0.)  =  ,Q)  .9$  (2).  (3.47) 

Besides  the  random  components,  at  the  cutput  of  multiple-prcnged 
channel  can  be  present  also  regular  component  with  the  permanent  time 
lag  and  with  a  permanent  amplitude  of  U0.  Ir  particular,  this 
situation  can  occur  during  the  remcte  trcpospheric  propagation  of 
VHF,  when  at  the  input  cf  receiver  is  regular  component,  caused  by 
refraction  or  reflection  frca  irversicn  layer.  This  case  is  analogous 
to  the  combined  passage  through  the  filter  of  fluctuation  noise  and 
regular  sine  wave.  Therefore  when,  at  the  output,  the 
multiple-pronged  channel  of  regular  component  is  present,  the 
amplitude  cf  total  signal  is  distributed  according  tc  the  generalized 
Bayleigh  law,  i.e.,  has  probability  density  (2.16);  the  integral  law 
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cf  probability  distribution  is  assigned  graphically  [3.2,  3.3]. 

The  correlation  coefficient  in  the  frequency  fcr  the  values  cf 
the  amplitude- frequency  characteristic  ir  the  presence  cf  regular 
component  analogous  (with  1.22}  can  be  calculated  according  tc  the 
approximation  formula 

,  ‘ 

,  (3.48) 

where  p(Q)  is  determined  by  relationship  (3.47);  s2  -  relation  cf  the 
power  of  regular  component  and  mean  total  power  of  the  scattered 
components. 

The  correlation  coefficient  between  the  phases  of  signal  at 
frequencies  w  and  w*Q  cat  be  calculated  according  tc  formula  (3.24), 
where  p(Q)  is  determined  by  relationship  (3.47). 

For  the  evaluation  cf  signal  distortions  in  the  multiple-pronged 
communication  channels  important  value  has  the  derivative  of  the 
phase-frequency  characteristic  cf  this  channel,  which  is  usually 
called  "grcup  time  lag*  *. 

FOOTNOTE  >.  sometimes  also  is  utilized  term  "the  grcup  propagation 
time.  ENDFOOTNOTE. 


In  the  theory  of  fluctuation  noises  tc  group  time  lag  corresponds 
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obviously,  instantaneous  frequency,  as  the  derivative  of  the  phase  cf 
noise  on  the  tiae.  For  the  evaluation  of  distortions  and 
■ultiple-cronged  channel  iaportantly  not  value  itself  T?  and 
divergence  Trp  fro*  the  central  tiae  lag  which  are  called  the 
fluctuations  of  the  group  tiae  cf  propagation  At,v 

Page  93. 


If  central  tiae  lag  is  defined  as  the  abscissa  cf  the  center  cf 
gravity  of  an  energy-pulse  reaction  according  tc  foraula  (3.38),  then 
in  the  presence  of  the  syaaetrical  pulse  reaction  probability  density 
for  the  fluctuations  cf  group  tiae  lag  by  analogy  with  (3.26)  takes 


the  fora 


VWTrp): 


art 


l  -p 


•Kb 


(3.-49) 


The  integral  lav  cf  probability  distribution  fcr  I  K  i  ty 


analogy  with  (3.27)  takes  the  fere 

F  (lAtrpI  <  AVrp)= 


(3.50) 


Here  At,  -  aean  value  for  the  absolute  (cn  the  sign)  value  cf 
fluctuations,  i.e., 

Ati  =  ; At)  .  <3 . 5 i ) 


By  analogy  with  (3.29)  At ,  equal  to  the  "radius  cf  inertia"  cf 
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energy  pulse  reaction  as  the  plane  figure  it  can  te  calculated 
according  to  the  formula 

oo 

\  g  (rj  d 

at:  = - - — —  ■ 

1  ao 

\  g  (Ti)  d  tL 

—JO 

where  r1=r-r0;  r0  it  is  determined  according  tc  foraula  (3.36). 

Mean  value  of  the  fluctuaticns  of  the  grcup  propagation  tide  is 
equal  to  2ero.  The  near  sguare  cf  these  fluctuaticns  is  calculated  te 
it  cannot,  since  corres pending  integral  diverges. 

Concluding  the  examination  of  the  analcgy  between  the 
fluctuation  ncises  and  tte  mult i pie- pron ced  signals  let  us  tcuch  cne 
additional  question.  All  relationships  fer  tbe  transfer  functions  cf 
mu lti pie- pronged  channel,  given  in  this  section,  are  correct  cnly 
during  the  normal  probability  distribution  fet  the  real  and  imaginary 
parts  cf  the  transfer  furcticn  E (G)  and  ((C). 


Normal  distribution  for  E  (G)  and  Q(G)  in  this  examination  was 
obtained  from  formulas  (3.44) .  It  follows,  however,  it  remembers  t 
expressions  (3.44)  for  l (G)  and  C  (G) corr esperd  to  the  sc-called 
"incoherent"  scattering  cf  radio  waves  on  the  discrete  reemitters. 
But,  as  shewn  in  Chapter  1,  incoherent  scattering  is  cnly  the 
simplified  model  of  the  remote  tropospheric  propagation  of  Vf-F.  In 
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actuality  the  mechanism  cf  this  propagation  is  «cre  complicated  and 
in  general  at  the  output  cf  the  section  cf  propagation  is  not  a 
discrete,  tut  continuua  ct  signals,  hew  conveniently  which  differ 
little  in  the  time  lag.  inererore  in  general  expressions  (3.u<i)  fee 
P  (Q)  and  Q  (Q)  must  fee  recorded  in  the  fern  cf  integral  suas, 
elementary  terns  in  these  suas  can  he  dependent  and  distributed  not 
identical.  Thus,  Lyapuncv  theorem  here  is  net  applied,  and  therefore 
there  are  no  foundatiers  fer  asserting  that  P(G)  and  C(Q)  will  be 
compulsorily  distributed  according  tc  the  ncraal  law.  However,  with 
satisfaction  of  the  specified  conditions  the  sub  cf  a  large  number  cf 
terras  is  distributed  tonally  £3.2:  3.3]  and  with  dependent  acd 
different  of  distributed  tens.  However,  to  establish  that  during  the 
tropospheric  propagation  ct  VHP  these  corditiers  are  satisfied,  very 
cciplex.  Por  this  it  is  necessary  tc  know  the  statistical  properties 
of  the  separate  components  cf  nultiFle-prcnged  signal,  meanwhile  the 
study  of  the  signals,  re-emitted  with  elementary  cnes  they  are 
distributed  normally. 

Fage  9U. 

Nevertheless,  fer  detenining  signal  distortions  on  the 
tropospheric  lines  of  cc nun ica tic  ns  nevertheless  it  is  pcssitl^  tc 
use  the  relationships  civen  in  this  section.  The  fact  is  that  *■•••> 
Rayleigh  distribution  fer  the  signal  amplitude  at  the  e  :  *  •  • 
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section  of  tropospheric  propagation  experimentally  is  confirmed  for 
the  Majority  of  the  used  in  practice  routes,  is  experimentally 
confirmed  also  that  the  phase  of  signal  is  distributed  evenly  in  the 
limits  frea  0  to  2».  But  Sayleigh  distribution  for  the  signal 
amplitude  and  uniform  fer  the  phase  can  occur  cnly  during  the  normal 
distribution  for  P  (Q)  and  Q<Q).  J&it  this,  in  turn,  it  means  that  fer 
the  transfer  function  cf  multiple-pronged  trcpcspheric  channel  will 
be  valid  the  given  abeve  relationships,  let  cs  recall  that  ttese 
relationships  are  obtained  under  the  lost  geceral  assumptions  about 
the  pulse  reaction  of  channel,  fchich  for  all  or  some  realizations  can 
be  continuous  function  r.  Let  us  ncte  also  that  cn  comparatively 
short  and  marine  routes  for  tae  signal  amplitude  experimentally  is 
confirmed  the  generalized  Bayleigh  law. 

§  3.3.  Frequency  and  phase  responses  cf  the  section  cf  tropospheric 
line. 

In  this  section  will  be  examined  the  statistical  properties  cf 
the  amplitude-frequency  and  phase- freque rcy  characteristics  cf  the 
section  cf  tropospheric  line.  The  analysis  cf  the  statistical 
properties  of  these  characteristics  will  be  carried  out  for  tbe 
tropospheric  lines,  intended  for  multichannel  telephony  and 
television.  As  has  already  teen  indicated,  cn  such  lines  the  length 
of  section  does  not  exceed  25C-3C0  km,  anc  the  xidth  cf  radation 
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pattern  of  antenna  comprises  net  acre  than  1-15°. 

Energy  pulse  reaction  cf  the  section  of  line.  In  §  3.2  it  was 
shewn  that  the  statistical  properties  of  the  frequency  and  phase 
responses  of  the  secticn  cf  tropospheric  line  can  be  determined,  if 
is  known  the  energy  pulse  reaction  of  this  section.  Thus,  it  is  first 
cf  all  necessary  to  find  expression  for  the  energy  pulse  reaction  cf 
the  secticn  of  line,  i.e.,  the  dependence  of  the  aean  power  of  the 
coaponents  of  aulti ple-p ronged  signal  on  their  tiae  lag.  Total 
au lti pie-pronged  signal  at  the  cutput  of  the  secticn  cf  line  is 
created  as  a  result  of  the  re-eaission  of  electroaagnetic  energy  by  a 
large  quantity  of  heterogeneities  cf  the  troposphere.  In  this  case 
the  signals  with  the  identical  tiae  lag  are  re-eaitted  by  a  whole 
series  of  the  heterogeneities,  located  on  the  surface  whose  all 
points  have  the  identical  sua  cf  distances  cf  the  transmitting  and 
receiving  antennas.  For  determining  the  shape  of  surface  of  "equal 
tiae  lag"  let  us  exaaine  Fig.  3.3a  and  b.  Fig.  3.3a  shows  the  secticn 
of  the  section  of  trcpcspheric  line  by  the  plane,  passing  thrcuqh  the 
center  of  the  earth  anc  the  line,  which  connects  the  points  cf 
reception  and  transmission  (  "section  alcng  the  route") .  The  points, 
which  have  identical  tctal  distance  of  the  transmitting  and  receiving 
antennas,  in  this  plane  are  located  on  the  ellipses  with  the  foci  in 
points  of  reception  and  transmission ;  several  such  ellipses  are  shewn 
in  Fig.  3.3a. 
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Page  95. 

Fig.  3.3b  shows  section  perpendicular  to  route.  In  this  plane  the 
points  with  the  identical  tctal  distance  cf  the  transmitting  and 
receiving  antennas  lie  cn  the  circumferences  vhese  centers  are 
located  on  the  middle  cf  the  cut  between  the  points  cf  transmission 
and  reception  (pcint  0  in  Fig.  3.3a  and  t) .  Several  such 
circumferences  are  shown  in  Fig.  3.3b.  Thus,  "surfaces  with  the  equal 
time  lag"  are  ellipsoids  cf  rctaticn  with  the  amis,  passing  through 
the  points  of  reception  and  transmission,  and  with  the  foci  at  these 
points. 

Further  during  the  determination  of  the  pulse  reaction  it  is 
necessary  to  keep  in  mire  that  the  signal  at  the  reception  is  created 
cnly  by  those  heterogeneities  which  they  lie  within  the  limits  of  the 
"space  of  the  scattering",  formed  by  the  intersection  of  the 
radiation  patterns  of  the  transmitting  and  receiving  antennas.  The 
section  of  the  space  of  scattering  by  section  plane  along  the  route 
has  a  form  of  quadrangle  and  is  shewn  in  Fig.  3.3a  by  twin  circuits. 

dsually  on  the  trcpcspheric  center  lines  of  the  antenna 
radiation  patterns  they  are  raised  relative  tc  horizontal  line  to  the 
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snail  angle  of  order  of  1-2°.  Therefore,  as  can  te  seen  frca  Fig. 
3.3a,  section  plane  of  the  perpendicular  to  route  cuts  ths  cone  cf 
the  antenna  radiation  pattern  at  argle  relative  to  axis,  close  one  tc 
90°.  Consequently,  the  secticn  cf  the  space  cf  scattering  by  this 
plane  virtually  has  a  fcra  of  circle  with  tbe  center  at  the  point  cf 
intersection  of  the  axes  of  radiation  patterns  (strictly  speaking, 
this  section  it  has  a  fcra  of  ellipse  with  the  ratio  of  axes,  by 
close  one  to  the  unit).  Ibis  circuaf erence  is  shewn  in  Fig.  3.3fc  by 
twin  circuits.  During  the  deter tinaticn  cf  energy  pulse  reaction  us 
interest  only  those  secticns  of  tbe  planes  with  the  egual  tine  lag 
which  lie  within  the  space  of  scattering.  Fig.  3.3a  and  t  the 
secticns  of  these  sections  shews  fcy  thick  lires. 
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Pig.  3.3.  Surfaces  witfc  equal  sagral  lag:  a)  section  alcng  the  route 
fc)  section  is  perpendicular  tc  ccute. 
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During  the  deter a i oatic n  ot  energy  pulse  reaction  it  is 
necessary  to  know  the  lean  power  of  signals  with  the  data  ty  time 
lag.  The  power  of  signals  at  the  reception  depends  cn  that,  in  what 
part  of  the  space  of  scattering  is  located  the  re-emitting 
heterogeneity.  The  heterogeneities,  located  ir  the  area  cf  the 
intersection  of  the  axes  ci  the  raciaticr  patterns  cf  the 
transmitting  and  receiving  antennas,  create  the  signals  cf  larger 
intensity  than  the  heterogeneities,  located  cr  the  periphery  cf  the 
space  of  scattering.  This  is  determined  ty  the  directivity  of  the 
transmitting  and  receiving  actennas.  Furtherscre,  the 
heterogeneities,  lccatec  in  the  lever  part  cf  the  space  of 
scattering,  better  re-esit  energy  than  heterogeneity  in  the  upper 
part  of  the  space.  This  they  expect  energy,  than  heterogeneity  in  the 
upper  part  of  the  space.  This  is  eiplained,  aai r 1 y,  ty  an  increase  in 
the  angle  of  "scattering"  with  the  height.  The  angle  cf  "scattering" 
increases  also,  if  heterogeneities  are  lccatec  "tc  the  right  and  tc 
the  left"  cf  the  direction  cf  naic  antenra  radiation.  Thus,  the 
energy  pulse  reaction  cf  the  secticn  cf  tropospheric  line  is 
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determined  by  the  gecmetiy  cf  surfaces  with  the  equal  tine  lag,  by 
the  geometry  of  the  space  of  scattering,  by  the  antenna  radiation 
pattern  and  by  a  change  in  tie  argie  cf  the  "di ssi paticn"  of 
electromagnetic  energy.  In  general  the  computation  cf  energy  pulse 
reaction  is  fairly  ccm pi icate d  problem.  For  this  it  is  necessary  tc 
conduct  integration  for  the  surface  cf  ecual  tise  lag  in  the  limits 
cf  the  space  cf  scatterirg  takirg  into  accouct  the  directivity  cf 
antennas  and  change  in  the  scattering  angle.  Rcwever,  for  the  real 
tropospheric  lines,  intended  for  multichannel  telephone  and 
television,  this  problei  it  is  possible  substantially  tc  simplify,  cn 
the  basis  of  the  fcllcwirg  ccrsioeraticr s: 

1.  On  the  real  trcpcspheric  lines  the  altitude  cf  the  space  cf 
scattering  by  the  Earth  composes  several  kilometers,  and  the  distance 
between  the  points  of  reception  and  transmission  -  several  hundred 
kilometers.  Therefore  in  the  ellipses  with  the  equal  tiie  lag, 
depicted  in  Pig.  3.3a  mircr  aiis  much  less  than  the  distance  between 
the  foci  *. 

PCCTNOTE  *.  Figure  3.3a  fcr  the  clarity  is  made  without  the 
observance  of  scale.  EJDJCC1NCTE. 

In  other  words,  these  ellipses  ace  strongly  elongated  along  the 
route,  and  therefore  their  cuts  in  the  limits  cf  the  space  cf 
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scattering  can  be  replaced  witn  the  cats  of  straight  lines.  Ca  the 
basis  of  the  geometric  ratics  ot  Fig.  3.2b,  it  is  possible  tc  shew 
also  that  at  the  length  c r  section  250-3C0  ka  and  directivity  of 
antennas  cf  1-1.5°  circular  arcs  with  the  equal  time  lag,  which  are 
located  within  the  limits  cf  the  space  of  scattering,  have  certral 
angle  cn  the  erder  of  3C-40°.  Consequently,  without  the  large  error 
these  arcs  also  can  be  replaced  with  the  line  secaects.  Thus,  for  the 
real  tropospheric  lines  cf  the  "surface  cf  equal  tiae  lag"  it  the 
limits  of  the  space  cf  scattering  it  is  possible  tc  replace  with 
parallel  planes.  Respectively  tiae  lag  fer  each  such  plane  is 
determined  by  its  altitude  above  tfce  ground. 

Page  97. 

2.  With  pencil-beaa  antennas  scattering  angle  cf  electromagnetic 
energy  within  limits  cf  space  cf  scattering  changes  insignificantly. 
Therefore,  as  shewn  in  [3.4],  tfce  lean  pcwei  cf  the  delaying 
components  of  signal  at  the  pcint  cf  recepticr  is  determined  in 
essence  by  the  antenna  raciaticr  pattern,  but  ret  by  a  change  in  the 
scattering  angle. 

3.  Area  of  sections  of  surfaces  with  equal  time  lag,  situated 
within  3pace  of  scatteiirg,  depends  cn  tkeii  altitude.  As  can  be  seen 
from  Fig.  3.3a  and  b,  tfcis  area  is  maximum  fet  the  center  of  the 
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spac9  of  scattering  and  decreases  xor  its  upper  and  lower  parts,  with 
respect  to  different  ones  there  will  be  a  quantity  cf 
heterogeneities,  which  participate  in  the  creeticn  cf  component  with 
the  specific  time  lac.  strictly  speaking,  this  cce  aust  take  into 
account  during  the  computation  cf  the  pulse  reaction  cf  the  section 
cf  propagation.  Hcwevei,  during  the  use  cf  the  percil-teaa  artenr.as 
by  this  fact  alsc  it  is  possitle  tc  disregard. 

Thus,  from  entire  afcresaid  it  follows  that  with  the 
sufficiently  pencil-teai  antennas  the  tiie  lac  cf  the  components  cf 
signal  at  the  recepticr  depends,  in  essence  crly  free  the  altitude  cf 
the  heterogeneities  ateve  the  greurd  and  the  *ean  power  o'i  these 
components  virtually  is  deterained  only  hy  the  antenna  radiation 
pattern.  During  the  use  cf  this  sinplified  acdel  cf  multiple-prcnged 
propagation  the  computation  cf  the  energy  pulse  reaction  of  the 
section  cf  propagation  sufcstact  jal  ly  is  facilitated.  Let  us  nct.e, 
however,  that  the  given  above  considerations  carry  purely  gualitative 
character.  Therefore  it  is  necessary  to  explain,  what  aust  he 
directivity  of  antennas  and  lenctb  cf  section,  sc  that  during  the  use 
of  the  simplified  model  errer  during  the  coapctation  of  pulse 
reaction  would  net  exceed  the  specific  value.  Tc  this  question  we 
still  will  return  after  will  te  ettained  expression  fer  the 
coefficient  cf  frequencj  correlation.  And  let  us  thus  far  calculate 
energy  pulse  reaction  fer  the  simplified  model  cf  multiple-prcnged 
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propagation,  assuming  that  the  conditions  fcr  using  this  model  are 
satisfied . 

Let  us  examine  Fig.  3.4,  in  which  are  shewn  the  paths  cf 
propagation  for  two  cospcnents:  one  ccnpcnert  is  re-emitted  ty  the 
heterogeneity,  located  at  the  lower  point  of  the  space  cf  scattering 
C,,  time  lag  for  this  ccipcrent  %e  will  consider  2erc;  the  second 
component  is  re-emitted  ty  the  heterogeneity,  located  on  altitude  h 
above  point  0,  (point  C) . 
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Fig.  3.4.  To  the  conputati.cn  cf  tfca  energy  reaction  cf  secticr  linin. 

Page  98. 


For  the  clarity  Fig.  3.4  it  is  constructed  without  the  observance  cf 
the  scale;  in  actuality  acgla  j,  i.e.,  tfce  arcle  between  the  lower 
tangential  0,B  (or  AC,}  antenna  radiation  pattern  and  by  line  AB 
comprises  not  mere  than  1-2°.  Therefore  for  deteraining  the 
difference  in  the  paths  cf  tfce  coapcnents  indicated  it  is  possible  tc 
drop  perpendicular  frcn  point  G,  tc  line  CE  ard  tc  consider  that  this 
difference  in  the  paths  is  a p p rc xiaately  equal  tc 

A  5  2CD  =  2k  sin  y  as  2k  y.  (3.53) 


Frcm  the  geometric  ratios  cf  Fig.  3.4  it  is  evident  that 
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where  d  -  length  cf  the  section  cf  the  tropospheric  line; 
equivalent  radius  of  the  Earth.  Ercm  (3.53)  ard  (3.54)  it  fcllcvs 
that  the  relative  tine  lac  fci  the  ccmporent  cf  signal,  re-emitted 
with  heterogeneity  at  altitude  fcr  is  determined  ty  the  ratio 


Ai 


(3.55) 


where  c  -  velocity  of  propagation  cf  electromagnetic  energy.  As  has 
already  been  spoken,  the  sea  n  power  of  the  delaying  components  is 
determined  in  essence  ty  the  total  radiatict  pattern  cf  the 
transmitting  and  receiving  antennas,  which  car  te  approximated  ty 
Gaussian  curve  »  and  recorded  it  the  form 


=  e 


v  3. 5  6) 


where  8  -  angle  between  the  axis  of  antenna  and  the  directicr  in  the 
heterogeneity,  located  cn  altitude  h  (see  Fig.  3.4) ;  a0  -  width  cf 
the  antenna  radiation  pattern  on  the  angle  cf  half  power. 


P0CTN0T3  l.  The  correctness  cf  this  apprcxiiaticn  is  confirmed  by  the 
experimental  measurements  cf  the  diagram  of  the  antennas  cf  the 
trccospheric  lines  (see  §3.4).  E SDEOOTNOIE, 
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Perianeat  factor  in  the  index  cf  exponential  curve  is  selected  so,  in 
crder  to  with  e=a0/2  g<£)=1/4  {due  to  twc  antennas).  Be  will  consider 
that  the  positive  angles  £  are  calculated  "upward"  from  the  center  cf 
the  volume  of  scattering  0.  Then  from  the  gecmetric  ratios  in  Fig. 

1.4  we  have 


'3^u,2  a, 2 


(3.57) 


Let  us  introduce  also  the  relative  time  lac,  which  corresponds 
to  the  center  of  the  space  cf  scattering,  which  ic  accordance  with 
(3.55)  is  equal 


r, ,  = 


>•■■4 


(3.58) 


Further  let  us  determine  frca  (3.55)  and  (3.53)  h  and  h„  and  let 
us  substitute  them  in  (3.57),  after  which  let  us  substitute  (3.57)  in 
(3.56)  . 

Eage  99. 


As  a  result  we  will  cfctain  final  formula  fcr  the  energy  pulse 
reaction  of  the  section  cf  trcpcspheric  line  in  the  fcra: 


-AS?  (1— <,)•  l1  7  ) 

g(f)  —  e  npn  t  >  0  | 

,i 

g( t)  =  0  np;i  t  <  0 


(3.59) 


Key:  (1)  .  with. 
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where  AQt  -  parameter,  which  has  the  dimensionality  cf  angular 
frequency  and  determined  by  tna  ratio 


AQ; 


**(' 


- /0,75-fHr. 


(3.60) 


The  energy  pulse  reaction  cf  the  section  cf  trcpcspheric  line  is 
shewn  in  Fig.  3.5  on  relative  scale  lQ,r.  its  samiiuir  it  ccrrespcnds 
to  time  lag  r0,  i.e.,  tc  tine  lag  icr  the  center  cf  the  space  of 
scattering.  Let  us  recall  that  the  enerqy  pulse  reaction  takes  this 
form,  only  if  the  ares  cf  antenras  ace  raised  tc  the  angle  a  0/2 
relatively  tangential  tc  the  ground  at  pcints  cf  reception  and 
transmission.  On  the  real  tropospheric  lines  for  obtaining  the 
maximum  power  of  signal  at  the  reception  the  antennas  orient 
approximately  thus. 


Coefficient  of  freguancy  correlation.  Sew,  after  using  ratios 
§3.2  it  is  possible  tc  obtain  formula  fet  confuting  the  correlation 
coefficient  between  the  values  cf  the  amplitude-frequency 
characteristic.  For  this  at  first  should  be  detertined  the  "central 
time  lag"  of  energy  pulse  reaction  according  tc  formula  (3.38). 
However,  before  it  is  necessary  to  make  cne  observation:  function 
g(t),  determined  by  Gaussian  curve  (3.59),  rapidly  decreases  in  the 
region  of  negative  time  lags.  Therefore  without  the  essential  errer 
it  is  possible  to  consider  that  in  the  regicc  cf  negative  time  lags 

the  energy  puls=  reaction  is  not  egual  tc  zerc,  but  it  is  determined 
by  Gaussian  curve  (3.55)  (acttec  line  in  Fig.  3.5). 
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Piq.  3.5.  The  energy  pulse  react ic  n  of  the  section  cf  radiowave 
propagation  in  the  troposphere  (axes  cf  anterra  are  directed  at  angle 
aa/2  tc  the  horizon. 


Page  100. 

Then  the  central  time  lag  or  pulse  reaction,  defined  according  tc 
formula  (3,37)  as  the  atscissa  ct  its  "center  cf  gravity",  is  equal, 
obviously,  v0.  Consequently,  tor  the  energy  pulse  reaction  whose 
center  is  displaced  tc  t fce  zero  time  lag,  instead  of  (3.59)  «e  have 

'  (-61) 

where  t,=t-t0.  This  displaced  pulse  reaction  is  constructed  dct-dash 
line  in  Fig.  3.5.  since  the  energy  pulse  reaction  can  be  considered 
symmetrical  relative  tc  its  center,  then  fcr  determining  the 
coefficients  cf  correlation  and  cress  correlation  of  the  real  and 
imaginary  parts  cf  the  tiansier  rurctioc  should  be  used  relationships 
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(3.42)  and  (3.43).  Substituting  (3.61)  in  (3.42)  and  after  producing 
the  computation  cf  integrals  [3.7],  we  will  cktain  the  following 
expression  for  the  correlation  coefficient  between  the  values  cf  the 
real  (or  imaginary)  cf  t be  parts  cf  the  transfer  function  cn 
frequencies  u  and  u«-G 


(3.62) 

(3.63) 

According  tc  (3.43)  tne  coefficient  of  the  cross  correlation 
between  the  values  of  the  real  and  imaginary  parts  cf  the  transfer 
function  is  equal  to  zerc  with  any  frequency  separation;  i.e. 

^vQ)®0.  (3.64) 

Purther,  after  using  fccaula  (3.46),  it  is  possible  to  determine 
the  ccrrelaticn  coefficient  fcr  the  values  cf  the  modulus  cf  transfer 
function,  i.e.,  values  cf  frequency  characteristic.  After 
substituting  (3.62)  and  (3.64)  in  (3.47)  and  the  result  of  this 
substitution  in  (3.46),  after  switching  ever  frci  the  angular 
frequencies  to  frequencies  in  tte  bertz,  we  will  obtain  the  following 
expression  fcr  the  ccrrelaticn  ccefficiert  between  the  values  of 
frequency  characteristic  at  frequencies  f  arc  f  ♦  F ; 


where 


R?  (C2)  =  Rq  [0.)  =  e  ' 
A.Q0  =  )/2  AO 


1  f  2  \« 

AS,  ) 


moreover  according  tc  (3.60)  and  (3.63) 
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=  i ll-,  1,06 

2n  jj  2 


{3.66) 


Value  Af0  is  usually  called  a  "band  cr  a  radius  cf  correlation". 
From  (3.65)  it  is  evident  that  2f0  there  is  tie  fcand  cn  edges  cf 
which  the  values  cf  frequency  c haract erist ic  have  a  ccrrelaticn 
coefficient,  equal  tc  1/6. 


Page  101. 


If  at  the  output  of  the  section  cf  tropospheric  line,  besides  the 
random  components,  is  present  regular  ccapcnert,  then  the  correlation 
coefficient  between  the  values  cf  the  a  a  flit ude-f requency 
characteristic  can  be  obtained  according  tc  formula  (3.48)  taking 
into  account  (3.47),  (3.62)  aid  (3.64).  Let  ts  recall  that  expression 

(3.65)  is  obtained  fcr  tie  simplified  model  cf  tropospheric 
propagation,  moreover  this  model  is  valid  at  the  pencil-team  antennas 
and  tco  great  a  length  cf  section1. 

P0CTM0T2  1 .  Analogous  eipressicc  is  obtained  in  (3.8)  somewhat  by 
ether  means.  ENDFOOTNOTE. 


The  computation  of  the  coefficient  of  frequency  correlation  taking 
into  account  all  factors,  which  are  det9r»inira  the  pulse  reaction  cf 
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section  (qeonetry  of  the  space  cf  scattering,  change  in  the 
scattering  angle,  etc.)  is  carried  out  [2.9].  Cttained  in  [3.9]  the 
fairly  complicated  expression  correctly  alsc  for  the  weakly  directed 
antennas,  ttith  a0<1.5°  and  d<3C0  ki  deperdence  Rc(F),  cttained  in 
[3.91,  very  closely  coincides  with  (3.65).  This  defines  the 
boundaries  of  the  applicability  cf  ♦'he  simplified  mcdel  cf 
tropospheric  propagation,  i.e.,  it  is  possible  to  consider  that  all 
relationships  of  this  section  are  walid,  if  the  width  of  the  antenna 
radiation  pattern  does  net  exceed  1.5°,  and  the  length  cf  the  section 
of  tropospheric  line  comprises  net  more  than  300  km.  on  the  real 
tropospheric  lines,  intended  fer  the  transmission  multichannel 
telephony  and  the  televisions,  these  conditicrs  usually  are 
fulfilled.  Calculations  according  to  formula  <3.65)  ccincide  well 
with  the  results  of  experimental  measurements  in  the  sections  cf 
different  length  [3.10]. 

Prequency  characteristic  of  the  secticr  cf  line.  The  correlation 
coefficient  between  the  values  cf  the  frequency  characteristic  cf 
section  gives  the  evaluaticr  cf  the  band  of  the  signal  which  can  be 
transmitted  along  the  tropospheric  line  witbcct  the  essential 
distortions.  If  into  limits  the  bards  of  the  signal  cf  the  value  of 
frequency  characteristic  have  a  correlation  coefficient,  close  one  to 
the  unit,  distortions  will  te  small.  However,  *his  evaluaticr  is 
tentative,  purely  qualitative,  sicce  the  correlation  coefficient 
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gives  cnly  the  averaged  picttre  c i  distorticns  and  it  does  net  make 
it  possible  tc  judge  possible  sfccrt-term  distortions  of  frequency 
characteristic.  Seanvhile  such  shert-ters  distortions  can  be 
considerable,  even  if  in  the  apparitors  of  the  frequency  band  in 
question  is  large  correlatJ.cn  at  values  of  frequency  characteristic. 
Distortions  cf  the  frequency  characteristic  cf  the  section  of 
tropospheric  line  considerably  acre  complete  it  is  possible  tc 
estimate  with  the  aid  cf  the  relation  of  signal  amplitudes  on  the 
edges  of  the  assigned  band.  This  estimate  is  used  extensively  in 
radio  engineering;  hewever,  it  is  necessary  tc  keep  in  Bind  that  in 
cur  case  the  fora  of  the  frequency  characteristic  of  the  section  of 
tropospheric  line  continuously  charges  ir  the  time  randomly. 
Consequently,  it  is  necessary  tc  find  the  lav  cf  probability 
distribution  for  the  relation  of  sagnal  amplitudes  cn  the  edges  cf 
the  assigned  band. 

As  has  already  been  indicated  into  53.2,  signal  amplitude  at  any 
frequency  vas  distributee  according  to  the  lav  cf  rayleigh,  i.e.,  has 
probability  density  (3.1€). 

Fage  102. 

Furthermore,  it  is  knovn  that  wjth  the  assigned  frequency  separation 
the  correlation  coefficient  between  the  sigral  anplitudes  can  he 
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calculated  according  tc  formula  (3.65).  Thus,  it  is  necessary  to  find 
the  law  cf  probability  distribution  for  relation  two  sublimity  with 
the  Rayleigh  distribution;  the  correlation  coefficient  between  these 
values  is  known  and,  therefore,  known  their  t wc-dinensicnal  law  cf 
distribution  [3.2,  3.31.  The  aethcds  of  the  probability  theory  make 
it  possible  tc  find  the  law  of  distribution  fcr  the  quotient,  if  is 
»ncwn  the  two-di sens icral  law  cf  the  distribution  of  dividend  and 
divider.  With  the  aid  cf  these  aethcds  in  [3.6]  is  found  the 
probability  density  fcr  relationship  cf  the  values  cf  the  frequency 
characteristic  of  the  section  cf  line  on  the  edges  cf  band  Af.  This 
probability  density  takes  the  fen 


W  ik) 


‘r> 


1  -  Rrj  (F) 


[  2k  \>1  2 

V 1  —  *  J  j 


(3.67) 


where  k  -  a  relation  cf  the  values  of  frequency  characteristic  cr  the 
edges  of  band  Af ;  Rt ;(Fj-  correlation  coefficient  between  these 
values,  determined  according  to  formula  <3.65).  From  (3.67)  can  be 
obtained  the  integral  law  cf  probability  distribution  fcr  the 
relation  k  indicated  wticb  is  determined  by  the  expression 

_ :  - 1 v- _ __1 

y  i  i  —  K5)-  —  iRa  \F)  s'  J 

(3.68) 


W  \k  <  K)  =  \  •*  (■'}  ^ 


-J-f 


Integral  law  (3.66)  determines  probability  that  relation  k  dcps 
not  exceed  value  K.  However,  frequency  c baracteristic  has  identical 
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nonuniforaity ,  if  the  aaplitude  ratio  on  the  edges  cf  band  is  equal 
to  K  or  1/k.  Probability  that  the  trequercy  characteristic  has 
relationship  of  aaplitcoes  cn  the  edges  cf  hard  pain  K  or  net  less 
than  1/k  is  equal  to  the  asscciaticn  cf  the  probabilities  of  these 
incompatible  events.  Consequently ,  according  tc  the  theorem  cf 
addition  [3.1-3.  3]  this  prctatility  is  equal  tc 

'x'  fi<K.  *>-!-)  =  T(?<  X)  -  'Xf[k  >  — '  .  (3.69) 

Por  the  integral  lax  cf  prcbatility  distrituticn  (3.68)  it  is 
possible  tc  sho*  that 


Consequently,  takieg  into  account  (3. 66-3. *70)  the  integral  law 
cf  probability  distribution  for  the  nenu ri f cr t i t y  of  the  frequency 
characteristic  section  cf  trcpcspheric  line  takes  the  form 


Page  101. 


_ 1  —  K2 _ 1 

\  (1  —  .V3)1  —  -iR'j  (•’)  A*  j 


(3.71) 


The  curves  of  the  integral  la*  cf  probability  distribution  fer  the 
nonuniforaity  of  frequency  characteristics  are  shown  by  solid  lines 
in  Fiq.  3.6.  These  curves  ace  constructed  according  to  formula  (3. 31) 
for  different  values  RV(F). 


A 
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In  a  number  of  cases  ir  tne  section  of  trcpospberic  line  at  the 
point  of  reception  besices  tie  random  scattered  components,  is 
present  also  regular  ccipcnant  ci  signal.  In  these  cases  for 
determining  the  distcrticns  ci  the  frequency  characteristic  cf 
section  it  is  necessary  to  find  the  law  cf  prchability  distribution 
for  the  relation  of  twc  values,  distributed  according  to  the 
generalized  Rayleigh  lav  (3. It).  This  prcblen  is  solved  in  [3.11], 
where  is  found  integral  law  cf  probability  distribution  for  the 
nonuniformity  of  frequency  characteristic  ir  the  presence  of  reqular 
component.  Expression  fee  this  law  *  a  Ices  the  fairly  complicated  form 
and  here  is  net  given  ». 

FOOTNOTE  i.  This  expression,  besides  [3.11],  is  given  also  in  [3.10]. 
EN  CFOOTNOTE. 


Considerably  more  simply  is  obtained  approximation  in  the  presence  cf 
the  regular  component  vfccse  power  ret  less  than  1.5-2  times  exceeds 
the  power  cf  the  scattered  components.  This  case  is  cf  greatest 
interest  for  the  practics,  since  ccly  essential  regular  component 
noticeably  improves  the  ccnumf ermity  of  the  frequency  characteristic 
of  the  section  of  line.  In  the  presence  cf  considerable  regular 
component  for  the  integral  law  cf  the  nonun i fermity  cf  frequency 
characteristic  in  the  bard  At  in  £3.12]  is  obtained  the  approximation 

w(k<  K,  ft  >  Y  j  =  cj>  >  s*  \  T)  —  <t>  is*  V  2  ;  X 
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Fig.  3.6.  Integral  law  cf  rrckatility  distribution  fcr  the 
nonuniformity  of  the  frequency  c taxacter istic  cf  the  section  cf 
tropospheric  line  with  tta  single  JN=1)  and  ccntined  in  fours  (N=4) 
receptions. 

Key:  (1).  Probability  that  the  amplitude  ratio  on  the  edges  cf  band 
will  be  more  than  the  value,  indicated  cr  the  abscissa.  (2).  Hatio  o 
amplitudes  K  on  edges  cl  band,  cB. 

Fage  104. 


Here  S2  -  ratio  of  the  power  cf  rpgular  component  to  the  mean 
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total  power  of  the  scattered  coapcnents;  ®(z)  -  probability  integral. 

Expression  (3.72)  is  ccrrect  with  S2<  1.5-2,  njF)  <3.9. 


On  the  tropospheric  lanes  ct  commun icaticn s  frequently  is 
utilize!  the  diverse  reception  curing  the  acciticn  cf  signals  in  the 
circuit  of  intermediate  frequency  to  the  detector.  In  this  system  cf 
the  diverse  reception  is  ccuducted  the  automatic  tuning  of  the  phases 
of  the  stored  signals,  as  a  reseat  of  signal  amplitude  they  are 
summarized  arithmetically.  Therefore  the  amplitude  cf  total  signal  is 
the  sum  of  the  Rayleigh  aistribcted  values,  i.e.,  has  a  law  cf 
probability  distribution  (2.4 4).  fiespectively  fer  the  evaluation  cf 
the  nonun i formit y  cf  frequency  terminal  cha r ac t er is t ic  cf  this  system 
cf  the  diverse  reception  it  is  necessary  tc  find  law  cf  probability 
distribution  for  the  qcctiant  ttc  values,  distributee  acccrdirg  tc 
the  law  [2.44],  This  is  made  in  £3.12],  where  is  found  the  law  of 
probability  distribution  for  tae  nenuni f era i t y  cf  frequency 
characteristic  during  the  diverse  reception  ard  the  addition  cf 
signals  in  the  circuit  cf  intermediate  frequency.  This  law  takes  the 
form  * 


when  N  - 
integral. 


rf-  -of\  ^ 

.  - — ^ \  ,  (3.73) 

i 

/ 


a  multiplicity  ct  the  reception;  (D >':)  -  probability 
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FOOTNOTE  *.  Exoressicn  13.73)  approximately  describes  the  lav  cf 
probability  distributicr  fcr  nc  r  unit  cni  ties  cf  frequency 
characteristic,  morecv<=:  its  accuracy  increases  with  increase  of  N . 
With  N=4  the  error  is  i  c si gni tic  an t .  END FCC1 SCT E . 

In  Fig.  3.6  dotted  line  shewed  the  curves  cf  the  law  cf 
probability  distribution  fcr  nc r ocif crai ties  cf  frequency 
characteristic  with  quadrupled  reception  (N=4).  These  curves  are 
constructed  according  tc  formula  (3.73)  for  different  values  Rr\f >■  In 
Fig.  3.6  it  is  evident  that  in  the  systeii  cf  the  diverse  reception 
during  the  addition  cf  signals  tc  the  detector  cccurs  the 
considerable  decrease  cf  the  acc’.niforaity  cf  the  frequency 
characteristic  of  the  section  cf  line.  Respectively  in  this  system 
decrease  distortions  of  the  signals,  transmitted  by  the  line; 
however,  in  regard  tc  this  it  is  necessary  tc  make  cne  observation: 
expression  (3.73)  is  ccrrect  whsc  the  chasing  cf  signals  ccccrs  at 
all  frequencies  in  the  limits  cf  band  Af .  virtually  this  not  thus: 
the  signals,  transmitted  by  the  line,  can  have  sufficiently  wide 
spectrum,  meanwhile  the  peasieg  cccurs  cdy  at  ere  frequency2. 


1 


FOOTNOTE  2.  With  ChM,  which  usually  is  utilized  cn  the  tropospheric 
lines,  this  frequency  corresponds  tc  the  ccrstart  cciponent  cf  the 
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modulating  signal  (see  Chapter  2).  ENCFCCTNCTJ. 

At  ether  frequencies  the  spectral  components  cf  the  stored  signals 
have  different  and  rancci  chases,  and  therefore  system  of  addition 
does  not  give  here  the  gain,  vhich  corresponds  to  formula  (3.73). 
Houevar,  virtually  this  incomplete  phasing  vithin  the  limits  cf  hand 
does  not  strongly  impair  total  frecuency  characteristic. 

Page  105. 

The  fact  is  that  on  the  tropospheric  lines  tc  avoid  strong 
distortions  for  the  tratsaissicr  cl  signals  is  utilized  the  tand  cf 
the  strongly  correlated  values  cf  frequency  characteristic.  In  this 
case  the  correlation  between  the  phases  cf  the  spectral  components  cf 
siqnal  is  also  great  [3.2;  3.3].  Therefore  it  is  possible  to  consider 
that  in  the  limits  of  hand  is  a  complete  phasing  of  the  stored 
signals.  Thus,  expressicr  (3.73)  and  graphs  cf  Fig.  3.6  it  is 
possible  tc  use,  if  the  correlaticc  coefficient  tetveen  the 
amplitudes  on  the  edges  cf  tacd  hf  is  virtually  net  less  than  C.9. 

The  experimental  xeasur eaents  cf  the  frecuency  characteristic  cf 
the  section  of  tropospheric  line  repeatedly  vere  made  or  many  routes; 
the  results  of  these  measureaents  are  given  in  Chapter  I  and  in 
[3.10,  3.13].  Since  the  form  cf  frequency  characteristic  ccntinucusly 
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changes  in  the  time,  thee  these  aeasurements  cannct  he  conducted  with 
a  slow  change  in  the  frequency  cf  transaitter  ("  cn  the  points”) . 
Therefore  cn  the  tropospheric  lanes  fer  seasuring  the  frequency 
characteristic  of  the  section  of  radiewave  propagation  is  utilized  a 
rapid  charge  in  the  frequency  ct  transmitter  in  the  saw-tccth  law 
("sweeping").  For  this  to  toe  input  of  the  frequency  shift  key  of 
transmitter  is  supplied  the  saw-tccth  voltage  with  the  frequency  cf 
50-100  Hz.  On  receiving  dead  ending  the  vcltace  fro*  the  output  cf 
amplitude  detectcr  is  supplied  tc  the  vertical  plates  of  the 
cscilloqraph;  sweep  cf  cscillcy rapn  is  synchronized  by  signal  from 
the  output  of  the  FM  discriminator .  The  quasi  period  cf  the 
fluctuations  of  signal  amplitude  comprises  fractions  cf  a  second,  and 
the  oeriod  of  a  saw-tccth  change  in  the  frequency  cf  transmitter  - 
the  hundredth  fractions  cf  a  second.  Therefore  during  the  period  cf 
"sweeping"  parameters  cf  aulti pie-pronged  charnel  in  the  troposphere 
virtually  do  not  manage  to  chance  and  on  the  oscilloscope  face  are 
obtained  the  images  cf  the  "instantaneous"  frequency  characteristics 
cf  the  section  cf  line  (fig.  3.7)1. 

FCCTHOTE  *.  These  phctcciaphs  are  undertaker  frea  [3.13],  where  are 
given  results  of  the  measureaents  cf  the  frequency  characteristic  cf 
the  section  of  tropospheric  line  with  a  length  cf  300  km  with  the 
width  cf  the  antenna  radiation  pattern  of  1°.  E NCFOCTNOTE. 
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Fiq.  3.7.  Samples  of  the  frequency  characteristics  cf  the  section  cf 
line  with  th*>  dcubled  (a)  and  single  <b,  c)  receptions:  d=30C  km, 

«o=1°* 


Key:  <1).  HHr. 
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Characteristic  cf  group  ti»e  lag.  Ir  §2.?  it  was  shown  that  with 
the  known  correlation  coefficient  tor  the  real  and  imaginary  parts  cf 
the  transfer  function  car  ne  detereined  the  fundamental  statistical 
properties  of  the  phase- frequency  characteristic  cf  the  section  of 
line.  This  can  be  made  fcy  analogy  dith  the  phase  cf  fluctuation  ncise 
[3. 1-3. 3].  However,  for  calculatirg  the  distortions  cn  the 
tropospheric  lines  it  is  important  to  knew  net  the  phase-frequency 
characteristic  of  section,  tut  its  derivative,  i.e.,  the 
characteristic  cf  greup  time  lag,  since  signal  distortions  are 
determined  by  the  nocuri feraity  o i  this  characteristic.  Cn  the 
trccospheric  lines  the  nenunif cnity  cf  the  characteristic  cf  group 
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time  lag  continuously  changes  in  tbe  tine  and  it  is  important  to  know 
the  law  cf  probability  distribution  for  its  fluctuation.  As  it  was 
shewn  into  §3.2,  the  integral  law  cf  probability  distribution  for 
divergence  rrr,  froa  the  central  ti«e  lag  takes  fern  (3.50).  This  law 
is  completely  determined,  if  is  known  its  parameter  At,,  computed 
from  formula  (3.52).  After  substituting  in  (3.52)  expression  (3.61) 
for  the  energy  pulse  reaction,  displaced  tc  the  zero  tine  lac,  we 
will  obtain 


-12? 

e  *  1  i  ti 


At?  =  — 


e  j  .i 


(3-74) 


After  calculating  integrals  it  (3.7U)  [3.71  taking  into  account 

(3.63),  we  have 


= 


AQ* 


(3.75) 


where  Af0  -  the  band  of  correlation,  determined  according  tc  formula 
(3. *6).  After  substituting  (3.66)  in  (3.75),  we  will  obtain 

At,  =  3.  i 5  “  r>  .  (3.76) 

cae 

Let  us  recall  that  value  At,  is  an  average  value  cf  absolute  (cn 
the  sign)  divergence  rrp  frc«  the  central  time  lag  r0.  Knowing  this 
value,  it  is  possible  according  tc  formula  (3.CC)  tc  determine  the 
integral  law  cf  probability  d is t r l cut icn  for  the  values  of  the 
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characteristic  cf  group  time  lag.  Curve  this  law  for  relative  values 
— —  is  shewn  in  Pig.  3.€.  Direct  «easur enter t  T"?.  i.e.  derived  phase 
response,  is  connected  with  the  great  difficulties.  Therefore  in 
practice  they  use  the  usually  following  nethed:  is  supplied  tc  the 
input  of  the  measured  circuit  the  high-f  regcercy  signal, 
frequency-sod ula ted  cr  is  the  a»plitude  by  sire  vcltage  with  the 
frequency  G.  At  the  output  of  circuit  this  signal  is  detected,  and  is 
seasured  the  phase  of  sinusoidal  output  pciertial  of  detector. 

Page  107. 

It  is  known  that  if  within  the  liaits  of  the  spectrun  cf  nodulated 
signal  xn>  practically  it  dees  ict  change,  then  the  phase  of 
sinusoidal  output  potential  of  detector  is  approximately  equal  to 

<P~Qt.-p.  (3.77) 

Consequently,  after  measuring  this  phase,  it  is  possible  at  the 
known  frequency  Q  to  deteraire  *• 

POCTHOTB  l.  This  netted  the  neasurenents  cf  group  time  lag  ir.  the 
literature  frequently  call  Sycuist’s  nethed.  In  Chapter  4  it  is 
shown,  under  what  conditions  ap proximate  equality  (3.77)  is  fulfilled 
cn  the  tropospheric  lires  for  the  frequency  ncdulaticn  by  the  siiple 
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The  described  netted  is  utilized  in  the  special  instruments  IVZ, 
intended  for  characteristic  measurement  cf  the  group  time  lag  cf  the 
circuit  of  radio  relay  lire,  fllcc*  diagram  fci  these  measurements  is 
shewn  in  Pig.  3.9.  The  transmitting  cart  cf  the  instrument  IVZ 
realizes  frequency  modulation  of  transmitter  ty  sine  wave  with  the 
relatively  small  freguercy  (ci  the  order  cf  ICO  kHz)  and  by  small 
deviation  (also  order  ICC  kHz).  Furthermore,  is  conducted  a  change  in 
the  carrier  frequency  cf  transmitter  in  the  saw-tcott.  law  with  the 
frequency  cf  50-100  Hz  -  "sweeping."  With  this  sweeping  in  accordance 
with  the  characteristic  ci  group  time  lag  charges  the  phase  cf  the 
modulating  output  potentials  circuit.  The  measurement  of  this  phase 
is  realized  in  the  receiving  part  cf  the  instrument  IVZ.  For  this 
signal  fren  the  cutout  cf  the  Ft  discriminator  it  is  supplied  tc  twe 
inputs  of  the  phase  disc  rioticatcr  (FD) ,  moreover  to  one  input  it  is 
direct,  and  on  another  -  through  the  quartz  filter  (KF)  with  the 
passband  a  total  of  several  hertz.  A  charge  ir  the  phase  cf  the 
modulating  voltage  occurs  eith  the  frequency  cf  sweeping,  i.e.,  with 
the  frequency  cf  50 — ICO  Hz.  Therefore  these  chances  are  net  passed  by 
quartz  filter  and  at  its  output  the  phase  cf  signal  is  retained 
constant.  This  signal  car  he  used  as  reference  in  the  phase 


discriminator. 
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Fiq.  3.3.  Integral  lav  cf  prcfcatility  distri tuticn  for  the 
fluctuation  of  group  tine  lac. 

Key:  (1) .  Time. 

Page  103. 

Output  potential  of  the  pnase  discriminator  is  proportional  to  the 
chanqing  in  the  process  ct  sweeping  phase  cf  the  modulating  signal, 
i.e.,  it  is  proportional  tc  tfce  characteristic  cf  group  time  lag. 
This  voltage  is  supplied  tc  the  vertical  plates  cf  cscillcgr a ph. 
Sweep  of  oscillograph  is  syrctrcnzed  by  vcltage  fcy  the  frequency  cf 


1 


DOC  =  30025101  FAGE  W  . 

50-100  Hz  from  the  output  ct  freguency  detector.  This  signal  c£ 
synchronization  preliminarily  passes  through  the  low-pass  filter 
(PNCh),  which  does  net  pass  aodulating  freguercy  cn  the  order  of  ICC 
kHz.  On  the  oscilloscope  face  as  obtained  the  iirage  cf  the 
characteristic  of  the  group  time  lag  of  the  neasured  circuit  in  the 
hand  of  sweep. 
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Fig.  1.0,  Block  diagras  ct  instrument  for  measuring  the  group  tine 
lag  (I7Z) . 

Keyr  (1).  Input  Ch.l.  (2).  1r a  ns  ait  ter .  (2).  Feceiver.  (4).  Output 

Che.  (5).  kHz.  (6).  Becepticc  part.  (7).  traesmissien  part.  (8).  Hz. 
(0) .  Synch. 


Fig.  3.10.  Samples  of  characteristics  of  group  tine  lag  of  section  cf 
line  (characteristics  are  cttaiced  on  cscillcsccpe  face  with  the  aid 
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cf  instrument  IVZ) . 

Page  107. 

In  the  measurements  with  the  aid  cf  the  instrument  IVZ  cr  the 
tropospheric  lines  of  cc  nun  icatic  rs  on  the  cscillosccpe  face  is 
obtained  the  image  of  "instantaneous”  characteristics  of  the  group 
time  lag  of  the  section  cf  line*  (fig.  3.10)  *. 

FOOTNOTE  *.  In  this  case  the  instioiient  IVZ  measures  also 
characteristics  tr»  cf  equipment  circuit.  However,  with  the  correctly 
designed  equipment  the  ncnuniformty  cf  characteristic  in  the 

service  band  by  an  order  is  less  than  divergence  t-t>  due  tc  the 
mu  lti pie- pronged  radicwave  propagation  in  the  section  cf  line. 
ENDFOCTNOTE. 

POOTNOTu  2.  Photographs  are  Bade  from  the  cscillcsccpe  face  in  the 
measurements  cn  section  cf  ticpcspheric  line  with  a  length  of  300  ka 
with  the  width  cf  the  artenna  radiation  pattern  cf  1°.  ENDPCCINOTE. 

The  form  of  this  characteristic  ccrtinuously  changes  in  the  time 
randomly  in  accordance  with  a  change  in  the  structure  cf  the 
aultiple-pronged  tropcsf fceric  channel;  the  speed  cf  these  changes  is 
from  the  portions  of  the  hertz  tc  several  hertz.  Characteristic 
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measurements  of  the  group  propagation  time  with  the  aid  of  the 
instrument  IV2  repeatedly  were  aade  in  the  section  of  the 
tropospheric  line;  the  results  ci  these  aeasureaents  coincide  well 
with  theoretical  ralaticnsnips  [1.10,  3.141. 

Measurement  with  the  aid  cf  the  doscrihed  instrument  IVZ  is 

in  principle  possible  crly  dicing  sweeping  cf  the  freguency  cf 
transmitter.  For  the  meet  precise  aeasuremen ts  cf  fluctuations  t,,  at 
cne  freguency  can  be  usee  the  aethed,  presented  in  [3.15].  The 
results  cf  measurements  *n>,  carried  out  ty  the  method  indicated  in 
the  section  of  tropospheric  line,  are  giien  in  [3.16],  These  results 
also  coincide  well  with  the  conclusion  cf  thecry. 

In  conclusion  let  us  note  that  the  methods,  used  in  this  section 
for  determining  the  statistical  properties  cf  transmission  function, 
befit  not  cnly  for  the  section  cf  tropospheric  line,  but  alsc 
generally  for  the  mu  It i { la- pi enged  channel  with  the  random  parameters 
at  output  of  which  is  Fayleign  amplitude  distrituticn  of  signal 
T  3 .  17  ].  Tn  particular,  ty  these  methods  in  [3.18]  are  obtained 
re laticnsh ips  for  the  freguency  cf  the  characteristics  of  the  section 
of  the  line  of  ionospheric  scattering. 


$3.4.  Synthesis  of  the  icdel  cf  the  section  cf  tropospheric  line 
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Otilizing  statistical  laws  fci  the  transfer  function  of  the 
section  of  the  tropospheric  line,  given  in  §3.3,  it  is  possible  to 
construct  the  soecific  acdel  of  radiowave  propagation  in  this 
section,  t^g  synthesis  ci  tnis  xcdel  repieserts  interest,  since  in  a 
number  of  cases  it  can  prove  to  be  useful  for  calculating  the 
distortions  on  the  tropospheric  line  cf  ccrrsuricaticns.  To  synthesize 
this  model  is  possible,  cn  t be  basis  cf  the  following  considerations: 
the  signals,  transmitted  by  the  tropospheric  line,  virtually  have  a 
spectrum  with  limited  bandwidth.  Therefore  signal  distortions  due  to 
the  multiple-pronged  prcpagaticr  ct  radio  waves  are  determined  by  the 
transmission  function  cf  the  section  cf  line  in  this  limited  band. 

Eage  110. 

In  the  limited  frequency  band  mdicated  the  composite  transfer 
function  of  section  can  be  represented  Fcurier  series  whose  composite 
coefficients  are  determined  according  tc  fontla  [3.5?: 


where  .v, ,r*i  -  transfer  furcticn  for  the  concrete  realizaticn  cf 
•u lti pie- pronged  channel  at  the  moment  of  time  t;  AC  -  period  of 
resolution  in  terms  cf  tne  frequency  axis  ard,  therefore. 
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Fourier  series  for  the  ccapcsite  transfer  function  in  the 
limited  band  may  tc  be  recorded  in  the  fcra 


oo 


where  -  modulus  ard  ■,».  -  the  ohase  cf  the  k-th  composite 

coefficient.  Here  we  have  scmewhat  unaccustomed  resolution  in  the 
Fourier  series  the  function  cf  the  frequency:  in  radio  engineering 
more  frequently  is  encountered  the  resoluticc  in  the  Pcuriet  series 
the  function  of  time.  Therefore  one  should  remember  that  in  (3.80)  in 
comparison  with  the  customary  recording  cf  Fccrier  series  the  time 
and  frequency  interchanged  the  position  themselves.  let  us  ncte  also 
that  in  radio  engineering  we  usually  deal  ccrceiring  the  expansion  in 
the  Fourier  series  of  the  real  fuccticn  cf  time  and  then  the  moduli 
of  the  coefficients  cf  series  fcr  the  positive  and  negative 
frequencies  are  equal,  i.e.,  in  cur  case  Fourier  series  is 

represented  the  ccmpcsite  turcticn  cf  frequercy,  and  therefore  the 
moduli  of  the  coef ficierts  cf  series  (3.80)  fcr  the  positive  and 
negative  tine  lags,  generally  speaxing,  are  net  equal,  i.e., 

Ai  -;C_,  .  Otilizinq  the  krewn  Euler  formula  fcr  ccmpcsite  numbers, 
from  ( 3 . AC)  we  will  obtain  fcr  the  real  and  imaginary  parts  cf  the 
transfer  function  in  the  limited  frequency  bard: 
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Q(O)  = 


«  ;  C*;  j  i,;l  (-  *  *}  -  j 


(3.81) 


Let  us  compare  noi  expressions  (3.8  1)  with  expressions  (3.44). 
Let  us  recall  that  expressions  (3.44)  are  recorded  fer  actually  and 
imaginary  of  the  parts  cf  the  transfer  function  cf  multiple-pronged 
channel  with  the  tiae  lag  cf  separate  components  on  t..  by  the 
amplitudes  of  these  ccspcnents  c,  and  by  phases  m -■  Consequently, 
expressions  (3.31)  correspond  tc  aultiple- pronged  radiowave 
propagation,  moreover  separate  components  differ  frea  each  ether  in 
terms  of  identical  tiae  lag  r3,  have  aaplitrdes  and  phases  • 


Thus,  for  the  limited  band  cf  frequencies  £G  can  he  proposed  the 
following  equivalent  model  cf  the  section  cf  the  trcpcspheric  line: 
in  the  section  of  line  electromagnetic  energy  is  propagated  ir  the 
form  of  digital  compcn e r ts,  acrecver  the  tiae  lag  of  each  ccipcnent 
differs  from  adjacent  by  identical  value  rj;  amplitude  and  phase  cf 
signal  in  the  k  beam  is  deterained  by  the  k  composite  coefficient 
during  the  expansion  in  the  Ecurier  series  in  the  band  cf  the 
transfer  function  cf  section  incicated. 
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Let  us  emphasize  that  these  discrete  components  are  net  in  ary  way 
the  delaying  signals,  re-emittec  with  real  hete icge neities  in  the 
troposphere:  the  signals,  re-emitted  with  the  heterogeneities  of  the 
troposphere  differ  iron  eacn  ether  identical,  z  tv  the  arbitrary  tirre 
lag ;  furt  her more ,  in  general  at  tee  output  cf  the  section  cf 
tropospheric  line  is  net  a  discrete  hut  continuum  cf  the  teams  (see 
Chapter  1).  However,  as  far  as  the  model  indicated  is  concerned,  then 
it  is  only  the  equivalent  or  the  section  cf  propagation,  valid  for 
the  limited  frequency  hard.  Cut  cf  this  tand  the  transfer  furcticn  cf 
equivalent  model  no  lorcer  coincides  with  the  transfer  function  of 
the  section  of  tropospheric  line. 

Fourier  series  (3. EC)  is  recorded  for  the  actual  realization  cf 
the  transfer  function  cf  the  section  of  line,  taking  place  at  the 
moment  of  time  t.  K  wever,  transnssicn  cf  the  function  of  section 
continuously  changes  in  the  time  randomly.  Consequently,  randomly 
change  there  will  be  amplitudes  anc  phases  cf  the  delaying  signals  *r 
the  equivalent  model  ct  tne  secticc  of  line.  Curing  the  use  cf  this 
scdel  in  calculations  it  is  important  tc  knew,  what  law  cf 
probability  distribution  will  occur  for  amplitudes  and  phases  cf  the 
delaying  signals.  For  detsrninirg  this  law  let  us  rewrite  expression 
(3. 73)  into  somewhat  other  fora,  tamely:  express  the  transfer 
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function  through  its  real  and  iaaginary  farts  we  will  use  the  Euler 
formula.  As  a  result  we  will  obtain 

2^ 

C*,  =  ~  J  !P;(Q)-;<2,(Q)!^*T*iiQ  = 

2 

A2 

2^ 

=  J  [pi  (Q)  cos  k  t3Q  +  / P t  (0)  Sir.  k  T3.Q  t-  jQt  :cs  t:3  — 

AS 

2 

Qt  (Q)  sin  A r3Q]  dQ  =  [  Cp  —  Sq  \  -\-  j  (  Sp  —  Cq  v  .  (3 . S2; 

\  *</  V  *••/ 


Here  CP  .  sp  ,  CQ  and  Sg  -  coefficients  with  ccsines  and  sines 

*<  *i  *t  *< 

cf  expansion  in  the  Fourier  series  of  furcticrs  p-.i9.)  and  Qt(Q)  for  the 
actual  realization  of  in Itif le- ftc nged  channel.  In  §3.1  it  was  shewn 
that  the  random  changes  in  the  time  of  the  real  and  imaginary  parts 
cf  the  transfer  functicc  are  sutccdinatec  tc  the  normal  law  c t 
probability  distributicr  fer  any  frequency  G.  Frcm  the  theory  of 
random  functions  [3.19]  it  is  keewe  that  duiirc  the  expansion  in  the 
Fourier  series  cf  normal  function  the  coefficients  with  sines  and 
cosines  of  this  excarsicr  are  also  renal  valces.  Consequently,  in 
cur  case  of  value  c P|j,  sP  ,  Cgt  and  sq>  they  are  distributed  normally. 
In  accordance  with  (3.61)  the  modulus  of  the  coefficient  cf  series 
(3.80),  obviously,  is  ecial  tc 

t  C,l  =  Y{  CPt-SQJ~(SPk^CQ^  .  13.33) 

In  53.2  it  was  shewn  that  cn  the  real  trcpcspheric  lines  the 
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energy  pulse  reaction  is  virtually  symmetrical  relative  to  a  certain 
central  time  laq.  In  tie  presence  cf  the  symmetrical  energy  pulse 
reaction  the  values  cf  Junctions  P | Q )  and  CiC)  are  net  depended  for 
any  frequency  Q.  Furthermore,  tica  the  theory  cf  random  functions  it 
is  known  £®pc£3.  19j  that  during  the  expansion  in  the  Fourier  series 
cf  random  function  the  ccatficients  with  sines  and  ccsines  cf  this 
expansion  between  themselves  ace  ret  correlated.  Taking  into  account 
this,  we  see  that  the  values  in  the  brackets  in  expression  (3.83) 
between  themselves  are  net  correlated. 

Page  112. 

Furthermore,  these  sums  have  normal  probability  distribution  as  the 
sums  of  normal  values.  Ccnsecuartly,  pretability  distribution  for 
iC*i  obeys  the  law  of  rayleagh  [3.2;  3.3],  The  phase  cf  the 
coefficient  of  the  exparsicn  cf  transfer  function  in  the  Fourier 
series  is  determined  by  the  expression: 


Sp  -  c. 


Consequently,  with  those  normally  distributed  and  net  correlated 
ii.,  -  c?  .  and  phase  v,  has  uniform  pretability  distribution, 

in  the  limits  from  0  tc  2a.  Again  let  us  recall  that  the  probability 
distributions  indicated,  ccccr  for  the  delaying  signals  in  the 
equivalent  aodal,  tut  r.ct  rcr  the  signals,  re-emitted  with  the  real 
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heterogeneities  cf  the  trcpcspnere;  probability  distribution  for 
aaplitudes  and  phases  c£  the  teal  components  cf  »ulti ple-prcrced 
signal,  generally  speaking,  can  be  any. 

during  the  use  cf  at  equivalent  model  in  the  calculations  it  is 
necessary  to  know  also  the  ns  values  cf  the  aaplitudes  cf  the 
delaying  signals.  Frcm  relationship  (3.83)  arc  lack  cf  correlation  cf 
values  c0  ,  c0  ,  sP  and  sc  it  follows  that 


From  the  theory  of  randca  functions  [3.19’  it  is  known  that 
during  the  expansion  ir  the  Fourier  series  cf  rar.dcir  function  the  rvs 
values  of  coefficients  with  sines  and  ccsines  cf  this  series  are 
equal  to  the  appropriate  coefficiects  of  expansion  intc  Fourier's 
poison  correlation  function.  Furthermore,  as  it  was  shown  intc  §3.2, 
correlation  function  for  E(G)  ard  Q(Q)  were  ecual  tc  each  ether. 
Consequently,  in  accordance  with  (3.85) 

C*1‘  (3.36) 

where  »■.  -  k  coefficient  of  expansion  ir  the  Fcurier  series 

correlation  functicn  fer  the  real  part  of  the  trarsfer  function.  Let 
us  recall  that  accordirg  tc  (3.27)  the  ccrrelaticn  function  fer  P(G) 
is  an  even  function  C,  and  therefore  fcraulas  fer  determination  '(■ 
■ust  be  recorded  in  the  fora  cf  cosine-ccnversicn.  Furthermore,  let 
us  rote  that  during  the  use  cf  an  equivalent  ucdel  in  the 
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calculations  it  is  necessary  tc  knew  only  relative  values  of  the 
amplitudes  of  the  delaying  signals.  Therefore  during  computation  bi 
it  is  expedient  tc  introduce  standardization,  after  accepting  b20=1. 
Taking  into  account  all  this,  fciaula  fcr  determining  the  cos  value 
of  the  amplitudes  of  the  delaying  signals  in  the  eguivalent  iicdel  can 
te  recorded  in  the  fern 


12 


\  ^(OlcasftTj  QdCl 


\  RP(0)dO 


0 


(3.57) 


where  n,  -  correlation  coefficient  fcr  the  real  part  cf  the 
transfer  function. 

Fage  111. 

In  53.3  it  is  shewn  that  at  the  length  cf  the  section  of 
tropospheric  line  not  «cre  than  3GC  km  ard  tc  the  width  cf  the 
diagram  cf  antennas  net  mere  than  1.5°  correlation  coefficient  for 
P(G)  is  determined  by  expression  (2-62) .  After  substituting  (3.62)  in 
(3.87),  we  will  obtain 
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J  e  2  \  Ai.'  cos  h  fjO  a  Q 

b2  2 - - -  .  (3.S8) 

°K  as 

2  __Ll'JLV2 
j‘  e  2  ^  ^  d  O 
o 

Integrals  in  (3. 85)  cannot  te  calculated  in  the  elementary 
functions.  However,  formulas  tci  determination  5*  nevertheless  can 
te  obtained,  aoreover  it  is  here  expedient  tc  examine  two  interesting 
ones  for  the  practice  cl  the  case: 

1.  Tropospheric  ccamunicatirg  systems  usually  are  designed  sc 
that  width  cf  band  of  the  transmitted  signals  net  acre  than  twice 
exceeds  *he  hand  cf  correlation,  i.e.,  ^  <2.  In  this  case  quadratic 
exponential  curve  under  the  integral  sign  in  numerator  and 
denominator  of  exoressicr  (3.68)  can  be  witfc  e  bich  degree  cl 
accuracy  represented  three  first  members  of  Haclaurin  series.  After 
this  computation  of  integrals  in  (2.88)  tc  {reduce  simply.  Prcm 
(3.88)  it  directly  fcllcws  that 

*0  =  l-  3  ;5,i 

Por  the  1st  and  2rc  component  after  the  computation  of  integrals 


in  (3.88)  we  will  obtain: 
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Values  !>1  for  the  components  with  the  »ore  by  fine  numbers  when 


dQ 


—  <2  ar?  negligible. 


Fig.  3.11  shows  the  graph  cf  the  dependence  of  the  lean  squares 
cf  amplitudes  the  1st  arc  2cd  component  cn  relationship  of  bands 

— .  Prom  the  figure  ere  can  see  that  when  -AQ  <2  values  b22  are  lew 

dQ<,  i>Q0 

in  comparison  with  b2t.  Therefore  for  the  ir vestigaticn  of 
distortions  on  such  lines  it  is  possible  to  eiamine  the  equivalent 
model,  consisting  c?  all  or  three  "beams":  cne  with  the  zero  time  lag 
and  the  amplitude,  equal  to  1,  and  two  mere  with  the  ras  values  of 
amplitudes  b2  t  and  the  time  lag  cn  +r3  atd  -t3. 


Page  114. 

It  should  be  noted  that  in  *ary  instances  the  analysis  distortion  can 
he  even  more  simplified,  cn  the  oasis  cf  the  following 

dQ  7  s’ 

considerations:  as  can  he  seen  from  Fig.  3.11,  even  when  aQ  -- ai  it 
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composes  only  15c/o  cf  ba0.  During  the  introduced  by  us  normalization 
we  assume  that  the  sigral  aaplitude  with  the  zero  time  lag  is  always 
equal  to  the  unit;  the  aipiituries  cf  remaining  teams  experience  the 
random  changes,  distributed  according  to  the  law  cf  rayleigh. 
Therefore  at  the  separate  moments  cf  time  the  axplitudes  of  teams 
with  the  zero  tine  lag  atd  with  the  time  lag  cn  ♦-r,  can  become 
commensurable ,  which  will  causa  essential  sigtal  distortions. 

However,  the  simultaneous  increase  cf  the  aiplitudes  cf  beams,  which 
delay  on  *t3  and  -r3  ,  has  very  siall  probability.  Therefore  for  the 
analysis  of  distortions  it  is  possible  tc  use  the  equivalent  model, 
which  consists  in  all  ct  twc  heais;  zerc  and  delaying  either  cn  *t3 
cr  for  -t3.  this  representation  cf  the  channel  cf  tropospheric 
comma nicaticn  it  can  greatly  facilitate  analysis,  since  the 
distortions  Chi  of  signals  doing  the  doutle-teai  propagation  are 
we  1 1  studied 1  . 


FOOTNOTE  l.  The  distortions  ot  the  simple  tore  during  the  dcutle-team 
propagation  are  examined  in  [3.1C];  transient  noises  with 
multichannel  telephony  -  in  [3.11].  ENDPCCTNCTE. 

2.  Second  case  tafces  place  when  frequency  hand  being 

investigated  is  much  acie  than  tand  of  correlation,  i.e.,  — —  -•  In 

—  1 

this  case  it  is  not  the  possible  tc  obtain  through  the  elementary 
functions  even  approximations  fcr  >,*.  However,  formula  for  the 
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computation  nevertheless  can  ta  obtained  with  the  aid  of  the  special 
function  whose  values  are  tabulated.  For  this  shculd  be  cosinusoidal 
function  in  the  numerate!  cr  relationship  (3.88)  expressed  by  the 
exponential  functions  from  the  imaginary  argument  (according  to  the 
Euler  formula).  Expression  in  the  numerator  can  te  further  reduced  tc 
special  function  from  ccaplex  variable,  which  takes  the  fera 
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Pig.  3.11.  The  mean  squaras  cf  signal  amplitudes  in  the  equivalent 
uodel  of  the  section  cf  tropospheric  line. 


Page  US. 


Here  u(p,  ev-coef  f icient  vita  the  imaginary  part  cf  function  of  that 

determined  by  relationship  (3.91), 


/ 7Jn  \ 

=  l/:or'U) 

0.0S  ’  AQ  Y 


■IQ 

\so.J 


3=  ?rc  ;g 


k  \SQt! 


(3.93) 


Functions  U(p.  e»  are  tabulated  foe  toe  different  values  p  and  e 

Z 

[3.22],  F  (z)  -  -pr=rj  e-x’dx  -  a  function  of  probability  integral. 

0 


Let  us  note  that  formula  (3.92)  is  valid  for  any,  including  for 
lov  values  Hovevei,  function  y(p,  ©)  is  tabulated  only  for  values 
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■3  not  less  than  45°  anc  the  values  p  net  *cre  than  1.5.  As  it 
fellows  from  (3.93),  this  corresponds  AQ  _.3j  therefore  for  lew 

yj  AQ* 

values  -r-  should  be  used  foraulas  (3.9C). 


Prca  comparison  <2. 52)  and  (J.61)  it  is  evident  that  the  1st 

exponential  factor  in  fciaula  (i.9i)  is  the  value  of  the  energy  pulse 

reaction  of  the  section  cf  line,  undertaken  at  point  kr3. 

Consequently,  the  aean  squares  cf  amplitude  cf  signals  in  the 

equivalent  model  can  he  cfctainec  as  the  readirgs  of  energy  pulse 

reaction  at  points  ♦krj,  multiplied  by  ccrrecticn  factor 

-p=-l'(?.9)/ff 2j/5~aq„)  •  Possible  to  easily  shew  that  with  an  increase 

in  the  relation  cf  tancs  this  ccrrecticr  factor  approaches  unity 

ao, 

[  3.  22,  3.23  ],  in  the  irteresting  us  case  whet  ;>  it  is  possible 

aQo 

to  accept  this  factor  equal  to  unit,  i.e.,  tc  consider  that  values 
a*  are  equal  to  the  readings  ci  energy  pulse  reactici.  at  points  kr3, 
i.  e.. 


, ')  AQ 

al^glk  Tj)  np'n  — ^  ;• 


;■>  -•■>) 


Key :  ( 1) .  with . 

This  is  illustrated  by  Fig.  3.  12,  where  the  readings  cf  the 
pulse  reaction,  determined  by  relationship  (3.61),  they  are  shown  for 
case  — —  =7.  when  >*  formula  (3.94)  gives  error  net  acre  than 

2-30/c.  Prom  relations  hi f  {3.54)  fellows  the  interesting  aethed  cf 


j 
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the  experimental  measureient  c £  the  fcrm  cf  the  energy  pulse  reaction 
cf  the  section  of  line,  fcr  this  it  is  necessary  to  measure  the 
frequency  and  phase  responses  cf  section  during  different 
realizations  of  multiple-pronged  channel.  These  measurements  must  he 
carried  out  in  the  banc  AQ,  several  times  cf  the  exceeding  hand 
correlation  AQ0.  Then  fcr  each  realization  it  is  necessary  tc  expand 
the  composite  transfer  function  cf  section  ic  the  interval  AC  in  the 
Fourier  series.  After  determining  the  moduli  cf  the  coefficients  cf 
this  series  and  after  conducting  averaging  in  a  large  number  cf 
random  realizations,  vie  will  obtain  values  sj,  i.e.  the  readings  of 
energy  pulse  reaction  at  points  ♦-kTJ. 

As  it  was  shown  into  93.3,  the  frequency  characteristic  cf  the 
section  of  line  can  he  emperiaental  obtained  ty  the  method  cf  sweep 
and  the  phase  response  (is  more  precise,  its  derivative)  -  with  the 
aid  of  the  instrument  IV2. 

Faqe  116. 

Thus  the  described  above  method  cf  measuring  the  energy  pulse 
reaction  can  be  realized  in  practice.  Hovever,  dees  arise  the 
question:  and  it  is  worth  measuring  the  energy  pulse  reaction  cf 
section  with  this  sufficiently  complex  method?  Faking  these 
measurements,  in  the  pricciple,  can  be  carried  cut  and  by  the  simpler 
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method  with  which  the  transmitter  emits  ratten  pulses,  and  with 
receiving  end  are  recorded  the  pulses,  reflected  fre®  the  individual 
heterogeneities  cf  the  troposphere. 

In  regard  to  this  it  uust  te  noted  that  cn  the  real  ones  are 
tropospheric  lines  a  siiple  "pulse"  method  the  measurements  cannot  te 
utilized  virtually.  The  fact  is  that  on  the  real  tropospheric  lines 
the  width  of  the  antenra  radiation  pattern  dees  net  usually  exceed 
1°,  and  the  length  of  section  ccaprises  net  jere  than  300  tea,  the 
respectively  relative  tine  lag  cf  the  coepcnerts  cf  multiple-pronged 
signal  ices  not  exceed  0.2-0. 3  ys.  Therefore  with  the  pulse*  method  cf 
measurement  transmitter  must  emit  pulses  cn  the  crier  of  0.  1  and  even 
0.05  ns.  Only  then  at  receiving  enc  it  will  te  pcssitle  tc  in 
sufficient  detail  obtain  the  fcr«  cf  the  pulse  reaction  of  the 
section  of  line,  Eut  fer  observing  such  pulses  it  is  necessary  tc 
have  a  passfcand  cf  receiver  cn  the  erder  cf  1C  KHz.  In  this  bread 
band  in  the  existing  etergy  pacaieters  cf  trcpcspheric  systems  the 
signal-tc-noise  ratio  will  te  close  to  urity;  this  strongly  iipedes 
recording  pulse  reaction  at  receiving  end.  Set  randcsly  in  the 
literature  ccupletely  there  is  ic  information  atcut  measurements  of 
the  pulse  reacticn  of  the  S6cticn  cf  trcpcspheric  line  with  the 
pencil-beam  antennas. 

Another  matter  is  the  aeascrexent  of  erergy  pulse  reacticn  by 
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the  described  above  «ethcd  with  the  aid  cf  the  spectral  analysis  cf 
the  composite  transfer  function  cf  secticr.  True,  and  in  this  case 
for  the  investigation  is  necessary  the  broad  bard  (cn  the  crder  cf  10 
MHz) ,  in  which  is  realized  the  measurement  cf  the  frequency  and  phase 
responses  of  section.  Hcwever,  sigrals  frcm  the  outputs  of  the 
amplitude  detector  of  receiver  and  instrument  172,  which  are 
determining  tha  fora  of  tnese  characteristics,  have  a  band  ctly 
several  hundred  hert2.  Ibis  allows  alsc  in  a  small  signal-tc-roise 
ratio  in  the  broad  band  at  the  input  cf  receiver  to  successfully 
conduct  the  measurement  cf  the  energy  pulse  reaction  cf  secticn. 

As  it  was  already  shewn,  fer  cbtaining  the  readings  of  energy 
pulse  reaction  it  is  necessary  tc  expand  in  Fourier  series  the 
composite  transfer  function  cf  section.  This  can  be  made,  for 
example,  graphically,  after  using  the  photographs  of  frequency 
characteristics  and  characteristics  of  group  time  lac,  photographed 
from  the  oscilloscope  face  (see,  fer  exaiple  Fig.  3.7  and  3.1C). 


1 


J 
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Fig.  3.12.  Energy  pulse  reacticE  and  sear  squares  of  signal 
amplitudes  in  the  equivalent  model  when  —  :• : 

Fage  117. 


However,  is  considerably  acre  effective  to  cttain  these  readings 
automatically,  with  the  aid  cf  the  special  seasuring  installation 
whose  block  diagram  is  shcwc  ic  Fig.  3.13.  This  installation  contains 
auxiliary  generator  witn  tiegusncy  f*  (or  the  crder  cf  100  khz)  and 
spectrum  analyzer.  Auxiliary  generator  is  modulated  in  the  signal 
frequency  from  the  output  cf  instrument  IVZ  and  in  the  amplitude  - 
signals  from  the  output  cf  the  aiplitude  detectcr  cf  receiver  with  a 
change  in  the  frequency  char acteristic  by  sweep.  Signal  frcm  the 
output  of  amplitude  detectcr  per ic d icall y ,  with  the  frequency  cf 
sweep  f,  repeats  the  fen  ct  the  frequency  characteristic  cf  the 
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section  of  line.  Consequently,  the  amplitude  cf  auxiliary  generator 
proves  to  be  the  nodulated  "form"  cf  the  frequency  characteristic  cf 
section.  Signal  from  the  output  cf  instrument  IV2  periodically,  with 
the  frequency  cf  sweep  F,  repeats  the  form  cf  the  characteristic  of 
the  group  t  imQ  lag  of  section.  Consequently,  the  frequency  cf 
auxiliary  generatcr  prcves  tc  ce  modulated  characteristic  Trp  cf 
section .  As  is  known,  with  the  frequency  modulation  the  laws  of  a 
change  in  the  phase  anc  frequency  are  connected  with  the  relationship 

<p  (l)  =  J  oi  (/)  di.  (3.95) 

Therefore  the  phase  cf  auxiliary  generator  proves  to  be  that 
(nodulated  according  tc  the  law  cf  integral  cf  characteristic  Trp.  Eut 
integral  of  tm  it  defines,  as  is  known,  the  single  characteristic  cf 
section.  Therefore  the  phase  c£  auxiliary  generator  periodically, 
with  the  frequency  of  sweep  f,  repeats  the  form  cf  the  phase  response 
cf  section.  Thus,  in  the  aesctifea  installation  is  cttained  the 
signal,  amplitude  and  phase  cr  which  periodically  repeat  the 
frequency  and  phase  responses  of  section.  This  signal,  naturally,  has 
line  spectrum  with  the  spectral  lines,  distart  fcr  the  frequency  cf 
sweeD  F.  It  is  easy  to  understand  that  this  linear  spectrum 
corresponds  to  the  expansion  of  the  composite  transfer  function  cf 
the  section  of  lire  in  the  Fcucier  series  in  the  interval  cf  sweep. 
Thus,  it  suffices  to  aralyze  the  spectrui  cf  the  sicnal  cf  auxiliary 
generator  in  order  to  determine  the  discrete  readings  of  the  pulse 
reaction  of  the  section  cf  line. 
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Fig.  3.13.  Slock  diagram  of  installation  for  neasuring  the  readings 
cf  enerqy  of  the  pulsed  reaction  of  the  section  cf  line. 

Key:  (1).  Output  ChD.  (2).  Transmitter.  (3).  Receiver.  (4).  IVZ 
(receiving  part).  (5).  It  is  frequency,  characteristic.  (6).  IVZ 
transmitting  part).  (7).  characteristic.  (8).  Auxiliary  generator. 
(9).  Oscillograph.  (10).  Spectxua  analyzer. 

Eaqe  118. 

In  the  described  installation  this  is  realized  with  the  aid  cf  the 
special  spectrum  analyzer,  which  consists  cf  several  quartz  filters 
"central”  filter  is  tuned  tc  a  frequency  cf  auxiliary  generator  ,;r. 
and  remaining  fillers  -  lex  frequencies  :-r 


The  cutput  signals  cf 
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all  filters  are  detected  and  kith  the  aid  cf  the  electron  commutator 
automatically,  alternately  are  connected  tc  the  vertical  plates  of 
cscilloqraph.  As  a  result  on  the  oscilloscope  face  is  obtained  the 
panorama  of  the  amplitudes  cf  the  delaying  signals  cf  the  equivalent 
model  cf  propaaation.  It  as  logical  that  the  values  of  these 
amplitudes  continuously  chance  in  the  time  as  a  result  of  a  change  in 
the  structure  of  multi p 1 e- p icng e d  tropospheric  channel1. 

POCTMOTR  l.  The  given  here  tethcd  cf  measurement  of  pulse  reaction 
should  be  carried  to  the  methods  ci  frequency  radar,  just  as  the 
mentioned  it  is  above  method  cf  measurement  with  the  pulse  modulation 
cf  transmitter  -  tc  the  methods  cf  pulse  radar.  The  respectively 
described  here  installation  for  measuring  the  pulse  reaction  cf  the 
section  of  trcnospheric  line  is,  actually,  mult ipur pcse  twc-pcsiticr 
frequency  radar. 

To  utilize  for  measuring  the  pulse  reaction  of  the  section  cf 
line  cth<=r  known  methods  cf  fiecuercv  radar  are  canrct,  since  all 
known  frequency  radars  are  s i ng le- p osi ti cn  ,  i  .e  . ,  wcrk  only  during 
the  location  of  transmitter  and  receiver  in  ere  pcint  (fer  example, 
see  [3.24]).  ENDFCCTNCTE. 

With  the  aid  of  the  desented  installation  were  carried  out  the 
measurements  cf  the  pulse  reaction  of  the  section  cf  tropospheric 
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line  with  a  length  of  ICC  &a  with  the  antennas  with  the  width  cf  the 
radiation  pattern  of  1c.  Sweep  was  reali2ed  in  the  hard  Af  =  8  MHz, 
which  five  times  exceeds  the  hand  cf  correlation.  Pig.  3.14a  and  t 
shews  signal  amplitudes  in  th6  equivalent  model,  phetegraphed  from 
the  oscilloscope  face  at  differect  mcnents  cf  time.  Hith  the  selected 
band  of  sweep  Af=8  1H2  these  signals  are  located  on  the  time  lag  on 
r3=1/Af=0.  125  us.  In  the  upper  cight-hanc  corner  cf  Pig.  3-y4sto-  is 
shown  the  signal  of  auxiliary  generator,  modulated  the  amplitude  of 
the  corresponding  frequency  characteristic  cf  the  section;  it  the 
upper  right-hand  corner  cf  Fig.  3.  14b  -  the  ccr responding 
characteristic  cf  group  time  lag,  obtained  at  the  output  of 
instrument  IVZ. 

According  to  a  large  number  cf  photograph  it  was  established 
that  the  probability  d  is tr it uti cn  for  the  sicral  amplitudes  in  the 
equivalent  model  obeys  the  law  cf  rayleich,  this  confirms  the 
conclusions  of  theory,  given  above.  Here  else  calculated  the  rms 
values  of  amplitudes,  i.«.,  the  readings  cf  the  energy  pulse  reaction 
of  the  section  of  line,  ihese  readings  are  shewn  in  Fig.  3.15. 
According  to  the  discrete  readings  is  ccrstrccted  energy  pulse 
reaction  cf  section  cf  lina,  snewn  in  Fig.  2.15  by  solid  line.  Per 
the  comparison  of  theory  and  experiment,  in  the  same  figure  cctted 
line  showed  the  theoretical  curve  cf  energy  pclse  reaction, 
constructed  in  acccrdarce  with  formula  (2.61). 


Pig.  3.14.  Signal  amplitudes  in  the  equivalent  model,  obtained  by  the 
method  of  Fig.  3.13;  ftp  the  signal  of  auxiliary  generator  (a)  and 
characteristic  Trp  (t)  . 


Page  119. 

As  it  was  shown  into  §3.3,  the  energy  pulse  reaction  of  the 
section  cf  tropospheric  line  with  the  pencil-lean  antennas  is 
completely  determined  by  the  total  radiation  pattern  cf  receiving  and 
transmitting  antennas  in  the  vertical  plane;  this  radiation  pattern 
is  approximated  by  quadratic  exponential  cunve  (3.56).  For  the 
confirmation  cf  this  position  in  Fig.  3.  15  cash  line  shewed  tte 
experimental  total  artenna  radiation  pattern.  This  diagram  is 
obtained  as  a  result  cf  leasureaents  with  the  aid  of  the  receiver, 
established  on  the  helicopter.  For  convenience  in  the  comparison  cf 
radiation  pattern  is  erercy  ct  pulsed  reac+icrs  along  the  horizontal 
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axis,  besides  time  lag  r,  a££  plotted  also  the  angles  g,  calculated 
in  the  vertical  plane  relative  tc  th°  axis  cf  the  antennas;  the 
connection  between  r  ara  p  is  determined  by  relations  (3.55),  (3.57) 
and  (3.58).  A  good  ccircidence  cf  all  three  curves  in  Pig.  3.15  shews 
the  correctness  of  the  premises,  made  in  this  chapter  during  the 
analysis  of  the  frequency  and  uie  characteristics  cf  the  section  of 
trcpospheric  line. 


Pig.  3.15.  Experimental  energy  pulse  reacticr  cf  the  section  cf  line 
and  antenna  radiation  pattern. 


Key:  (1).  Pulse  reaction  theory.  (2).  Diag.  acta,  of  exp.  (3).  Pulse 
reactionary  exp.  (*»)  .  ps. 
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Chapter  4. 

FOWEB  OP  NOISES  IN  TELEEECNE  CHANNEL  AT  THE  CDTFOT  CF  ONE  SECTION  CF 
LINP  DTB. 

§4. 1.  introduction. 

Ona  cf  fundamental  qualitative  indices  cf  any  communication  is 
signal-to-noise  ratic  at  the  output  of  channel.  Ncise  sources  in  the 
channels  of  communication  of  radio  relay  line  can  be  divided  into  two 
fundamental  forms:  the  first  includes  the  inherent  ncise,  determined 
ty  the  thermal  agitaticcs  of  input  circuits  cf  receiver  (noises  cf 
the  independent  origin) ;  the  sacond  ncise  scurce  are  the  transient 
interferences,  which  appear  during  the  transmission  aulticharrel 
telephony  (noises  of  the  dependent  crigir) . 

with  the  frequency  modulation,  which  found  widest  use  cn  the 
radio  relay  lines,  including  cn  the  lines  DTF,  the  pcwer  of  cwn 
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thermal  noises  in  the  channel  wita  the  werk  cf  higher  than  the 
threshold  is  inversely  proportional  tc  the  peter  cf  signal  at  the 
incut  of  receiver.  In  this  case,  since  the  sicnal  at  the  input  of 
receiver  has  rapid  and  slow  f luc tuatiens ,  the  power  cf  inherent  noise 
in  the  channel  is  3lso  subjected  tc  f luc tua t i c n s . 

The  reason  for  transient  interferences  with  ChH  is  the 
inadequacy  of  the  circuit  of  line.  In  the  lines  ETR,  besides  the 
sources  of  the  transient  interf eretces,  characteristic  to  the  usual 
radio  relay  lines  (fer  greater  detail,  see  chapter  6)  there  is  also  a 
specific  source  -  multi-team  character  of  the  signal  in  the  place  cf 
reception. 

In  this  chapter  will  be  examined  the  methods  of  calculation  cf 
thermal  noises  and  transient  interferences,  caused  by  the  multi- beam 
character  of  signal,  and  is  alsc  found  the  optimum  value  of  the 
deviation  of  frequency,  which  corresponds  tc  the  minimum  of  their 
sum.  Here  (^4.3)  will  te  examined  one  additional  means  of 
distortions,  characteristic  tc  channel  DTRu  the  linear  distortions, 
which  are  determining  the  fluctuations  of  overall  line  attenuation  in 
the  channel  and  changes  cf  the  phase  of  the  fundamental  harmcnic. 
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<54.2.  Thermal  noises  at  tae  cutout  of  the  section  of  line  DTP. 

The  psophometric  power  of  thermal  noises  in  i  telephone  channel 
of  radio  relay  line  with  Chfl  is  determined  by  the  following  formula 
(at  point  with  the  level  cf  cseful  signal  P«  sp)  : 


r.KT  A  FkK*c  ■  f  yl  ;  >' 

=  - —  I  — - 1  e  ,  Mem, 


_  .  -  •  »-nc  ;  rt  , 

Pc  U  J 

Key :  (1).  a. 


(4.1) 


where  n  -  a  coefficient  cf  receiver  noise; 


kT  -  product  of  Boltzmann's  constant  (k=  1. 38«1 O'"23)  to  the 
absolute  temperature; 

width  of  banc  of  telephone  channel; 

£ae—  psophometric  coefficient; 

Pc.bx—  power  of  signal  at  tbe  input  cf  the  receiver; 

Ft—  the  medium  frequency  cf  the  i  charnel  in  the  group 
spectrum ; 


A  f.{  —  effective  deviation  cf  frequency  tc  one  channel 
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Formula  (4.1)  is  valid  cnly  with  the  signals,  which  exceed 
threshold  values  ChMl)« 


FOOTNOTE  *.  If  siqnal  falls  telcw  the  threshold  cf  improvement  Chid, 
then  ncises  in  the  channel  sharply  qrow.  The  time,  during  which 
occurs  this  drop  in  the  signal,  determines  the  reliability  cf  the 
work  of  line.  ENCFOOTNCI F. 

•Dc  Pc  aop  =  *3-10)  PaM.  (4.2) 

where  Pm  BI—  the  inhereit  ncise  or  receiver.  In  this  case  the  power 
cf  noises  at  the  output  cf  the  EM  discriminator  of  receiver  has  the 
triangular  spectrum.  This  means  that  upper  telephone  channel  is 
located  in  the  worst  conditions.  Fcr  the  equalization  of  the  noise 
characteristics  of  charnels  are  applied  the  special  fcur-pcles:  the 
pre-distorting  filter  in  tea  transmission  increases  the  deviation  cf 
frequency  in  the  upper  channels  due  to  the  decrease  cf  the  deviation 
of  the  frequency  cf  lower  channels  and  the  restcring  filter,  leveling 
level  of  useful  signal  at  the  reception.  The  characteristic  cf  the 
pre-distorting  filter  according  to  the  recommendations  cf  NKKF  [ 

-  International  Falio  Consultative  Committee  1  is  approximated  by 


curve  32(ir)  =0.4 -  1,j.5  i  —  j  -0..-5^— ,,  „hich  Fa  —  upper  cut-off 
frequency  cf  the  group  spactrum.  Fcr  the  upper,  the  worse,  channel 
the  coefficient  cf  predistcr tiers  is  equal  tc 

\Ft,  =  Fip =  3,5. 


(4.3) 


DOC 


80025108 


{AGE 


DOC  =  80C2S108 


E  AGH 


where  d  —  a  distance  between  the  transmitting  and  receiving  antennas, 
x  -  wavelength,  and  finally  by  attenuaticn  factcr  by  that 

considering  weakening  signal  during  the  ceictc  trcpcspheric 
propagaticn  relative  tc  tne  field  cf  free  space  and  fluctuation  of 
this  weakening  in  the  tiie.  .-Uc.t  —  random  function  cf  time.  It  is 
determined,  in  the  first  place,  by  average  annual  value  Acr,  in  the 
second  place,  seasonal  changes  gc„  and,  thirdly,  random  rapid 
and  slow  f luctuat  icts: 


Since  the  line  cf  communications  must  operate  satisfactorily  in 
the  worse  (from  the  pcint  cf  view  of  radiowave  propagation) 
conditions,  value  -4cc»  should  he  to  take  by  the  equal  to  attenuaticn 
in  the  worse  winter  month  and  entire  calculation  made  for  the  product 

=  -4, 


where  A  -  a  rms  value  cf  signal  in  the  verse  according  to  propagation 
conditions  month.  After  suDstituting  into  formula  (4.1)  value  Pcsx 
frern  formula  (4.4)  taking  into  account  (4. 5) - (4. 8) ,  we  will  have  for 
the  upper  worse  channel  at  the  point  of  2?rc  relative  level 


PT  = 


n«T  a  /v4 


_Gnj£np  \ 


yt 


°np 


4.9) 


In  the  qualitative  examination  of  telephone  channel  vital 
importance  has  th°  a ve r a ge- « inu t e  power  cf  noises  in  the  chancel:  and 
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"IKKTT  r  MKKTT  -  International  Telegraph  and  Telephone  Consultative 
Committee]  and  SKKR  in  their  recommendations  (s€<=  Chapter  6) 
normalize  precisely  it.  lnerefore  in  formula  (4.9)  it  is  necessary  tc 
pass  from  instantaneous  pcwer  cl  noise  ir  the  channel  to  the 
average-minute  ones.  For  this  value  pT  must  he  averaged  frci  the 
rapid  fadings,  i.e.,  tc  find  .IJ’1). 

FOOTNOTE  >.  It  should  be  noted  that  with  the  averaging  cn  the  rapid 
fadings  is  obtained  not  the  average-minute  value,  but  average  in  3-5 
min.  This  time  is  determined  the  need  for  the  development  of  the 
statistics  of  signal  during  the  rapid  f 1 uct t a t i cns.  Averaging  in  1 
min  would  accurately  give  fct  cce  complete  ("Fayleiah")  performance 
3-5  different  average-minute  values.  ENDFCCTSCTE. 

Frcm  formula  (4.4)  taking  into  account  (4.7)  it  is  evident  that 
is  inversely  proportional  tc  the  pcwer  of  signal  at  the  input  cf 
receiver  Pc  »x- 

Paue  124. 


Knowing  the  distribution  of  fewer  cf  signal  with  the  rapid  fadings, 
presents  nc  difficulties  no  fine  .4*  frci  the  formula: 


,-15  = 


)  dPt. 


(4.10) 
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where  o.  ^  _  probability  density  cf  the  power  cf  signal  with  the 
single  or  diverse  reception. 

Thus,  for  the  optimum  addition  with  the  r-fcld  reception  intc 
formula  (4.10)  it  is  necessary  to  substitute  distribution  (2.41) 
taking  into  account  (2.2b)  and  (2.25).  As  a  result  cf  computing  th 
integral  we  will  obtain  value  in  the  function  of  a  number  of 

diverse  receivers  N  in  the  form  l) 

^  =  1,V>1)’  (4'n) 

where  — — -  value  cf  signal  amplitude  (see  formula  2.23). 

FOOTNOTE  '.  with  single  reception  X  there  dees  not  exist,  since 
integral  (4.10)  diverges.  EHDFCCTNCTE. 

Formula  (4.11)  makes  it  possifcie  tc  determine  the  coefficient  cf 
improvement,  obtained  fica  the  use  cf  the  diverse  reception  with 
optimum  addition  Y it  the  fern: 
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Coefficient  y.v  deteraines  tbe  ratic  of  the  median  value  of  the 
avera go-minute  newer  of  noise  with  the  diverse  reception  to  the  pcver 
cf  noise,  which  corresponds  to  the  rms  value  cf  signal  with  the 
sinqle  reception.  For  ether  aetfccds  cf  the  ccibination  of  the  diverse 
signals  the  confutation  cf  integral  (4. 1C)  presents  considerable 
difficulties.  For  the  linear  addition,  which  is  cf  greatest  interest, 
was  carried  out  numerical  ictegraticn.  The  values  of  the  coefficients 
cf  iaprovement  are  given  in  lacle  4.1. 
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0,3  * 
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0,28 

Key:  (1).  Addition.  (2).  secepticn.  (3).  doubled.  (4).  quadrupled. 
(5).  Optimum.  (6).  Linear. 
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As  a  result  of  the  slow  fluctuations  of  signal  the 
average-minute  value  of  tnecaal  ncises  at  the  output  cf  one  section 
of  tropospheric  line  PT  changes  according  to  a  ncrmal-logar jthnic 
law  together  with  •-!«.  Coefficient  when  in  formula  (4.9) 

determines  the  rms  value  cf  sigtal  (cn  the  slew  fadings)  Ta*ing 

into  account  (4.6)  and  (4.U)  value  ~pT  for  the  upper  channel  at 
zero-level  point  can  be  determined  according  to  the  fcriula: 


—  _  (4-m)1  ±  U*Z.z 

„  /  <JniGio 

'aa  : 

\  rjyc 

Per  standard  telephcne  charnel  (0.3-3. 4  kHz)  with  uniform  noise 
distribution  ('\-3C  =  0,75) 


.i'.-ts  y.v 


(A’ 


1  — 

!  -9. 


(4.13) 


Pr  =  0,45-  10-;s 


Y*  Pr.z 


°yc 
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The  average-minute  value  cf  ccise  changes  arcund  its  median 
value  according  to  the  rcraal-lcgar  ithaic  law  whose  distribution  is 
represented  in  Fig.  4.  1. 

§4.3.  Transient  noises,  caused  ty  lultiple-prcnged  radicwave 
propagation. 

As  it  was  shown  in  chapter  3,  mult i pie- Frcnged  radiowave 
propagation  in  the  section  cf  trcpcsoheric  line  causes  the 
nonuniforaity  of  the  a splitude-f reguencv  characteristic  and 
characteristic  cf  the  group  propagation  time.  It  is  known  that  with 
the  frequency  modulation,  which  as  a  rule,  it  is  utilized  on  the 
trcpospheric  lines,  the  ncnuni f orm ity  of  these  characteristics  lead 
to  the  distortions  of  icdulating  signal  [4.1’.  In  particular,  with 
multichannel  telephony  in  this  case  appear  transient  noises  in 
telephone  channels. 
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?ij.  4.1.  Law  of  the  distribution  cf  the  average-minute  value  of 
noise . 

Key:  (1).  Rras  value  cf  noise  in  dv  relative  tc  the  median  cf  cne 
receiver.  (2).  In  upper  teleptcce  channel.  (3).  Time,  during  which  is 
exceeded  value,  indicated  cn  ordinate. 

Page  126. 

Por  the  section  cf  tropospheric  line  the  fcra  cf  the 
amplitude-frequency  characteristic  and  characteristic  of  the  group 
propagation  tin®  continuously  changes  in  the  time  randomly. 
Respectively  changes  the  crcsstalX  volume  in  telephone  channels. 
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Theref or?  during  the  design  cf  tropospheric  lines  it  is  important  tc 
knew  the  law  cf  probability  distribution  fet  the  power  cf  transient 
noises.  It  is  necessary  tc  also  nave  a  formula  for  calculating  the 
average-minute  power  of  transient  noises,  since  in  the  norms  cf  HKKR 
for  the  tropospheric  lines  is  indicated  precisely  the  average-minute 
power  of  noise  fu.1}.  Furthermore,  it  is  important  tc  estimate  the 
decrease  of  transient  tcises  during  the  use  cf  the  diverse  reception. 

Formulas  for  the  calculation  cf  power  cf  the  transient  ncises, 
caused  by  the  multi-teat  character  of  radievave  propagation,  will  be 
obtained  in  this  section,  they  are  valid  fer  the  existing  in  practice 
trepospheric  multichannel  systems.  In  such  systems  the  length  cf 
section,  the  width  of  the  antenna  radiation  pattern,  and  also  the 
deviation  of  frequency  depend  cr  a  number  of  telephone  channels, 
moreover  with  an  increase  in  the  number  cf  channels  usually  the 
foreshortened  length  cf  section  and  decreases  the  width  cf  the 
antenna  radiation  pattern  (i.e.  increases  their  amplification).  This 
is  explained  by  the  fact  that  with  an  increase  in  the  number  cf 
channels  increases  the  passtard  cf  receiver,  and  therefore  fer 
guaranteeing  the  threshold  Chn  necessary  the  higher  signal  level  at 
the  input  of  receiver.  Cn  the  other  hand,  with  an  increase  in  the 
number  of  channels  for  a caranteeing  the  necessary  relation  of 
signal/thermal  noise  usually  is  necessary  tc  increase  the  effective 
deviation,  which  corresponds  to  the  measuring  level  cf  one  telephone 
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channel  (deviation  "tc  the  channel")  .  The  aforesaid  is  illustrated  by 
tables  4.2,  where  are  given  the  values  cf  the  parameters,  typical  for 
multichannel  tropospheric  systems. 


Power  cf  transient  interferences.  With  the  frequency  modulation 
multichannel  communication  u  (n)  the  signal  at  the  output  of 
transmitter  takes  the  ten 


where 


moreover 


■in.  =  ccs ; u)a ;  —  A (i>„(  $(()], 


t 

s(t)  =  \  u(t)iU, 


(4.14) 


(4.15) 

(4.16) 


with  the  probability,  the  close  one  tc  the  unit;  2uu.,~-  maximum 
deviation  cf  the  frequency;  U„  -  signal  amplitude. 
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Key:  (1).  Number  of  channels.  (2).  Length  of  section,  km.  (3).  width 
cf  antenna  radiation  pattern  deg.  (4).  Deviation  "tc  channel"  cf  khz. 
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As  a  result  of  the  multiple-pronged  propagation  cf  radic  waves 
in  the  section  cf  trcpcspheric  line  the  signal  cn  the  input  cf 
receiver  consists  of  a  large  quantity  of  delaying  components.  We  will 
thus  far  consider  that  at  the  input  cf  receiver  there  are  by  n  of 
discrete  comDonents,  the  m-th  ccmpcnent  havirc  amplitude  L'„,  delay 
and  phase  <Pk. 

As  has  already  been  indicated  in  chapter  3,  in  actuality 
multiple-pronged  signal  at  the  input  cf  teceiter  has  more  complicated 
structure  and  is  the  it  general  ccctinuum  of  the  components,  how 
conveniently  which  differ  little  in  the  time  lag.  Hcwever,  assumption 
about  the  discrete  set  cf  the  delaying  ccraccnents  makes  analysis  mere 
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demonstrative. 

Under  the  made  assumption  about  the  discrete  structure  cf 
mu  Iti  pie- pron  ged  signal  channel  (4.14)  at  the  input  cf  receiver  takes 
the  fors 

/» 

“np  =  2i/*cosf°)o(^-~fx)  -f  Aa„s(t  —  tK)  -  <pj.  (4. 17) 

I 

after  simple  trigcnc aetric  conversions  the  signal  at  the  input 
cf  receiver  can  be  presented  in  the  form  cf  the  quasi-harmonic 
cscil laticn 

unp  =  U  (0  cos  [0)0 '  ~  A(Dm  s  ( t)  -j-  0  (f)  -u  qpK],  (4.18) 

where  0 (t)  -  the  amplitude  cf  tnis  oscillation,  and  9(0  —  its  phase, 
moreover 

£/(f)=  VX*(t)  +  Y2(t),  (4. 19) 

6(f)  =  arctg-j^-  ,  (4.20) 

where 

* 

x  (0  =  \  U<  cos  -r  Ao*.  [s  (t)  —  s (t  —  t,)l  +  <?„}.  (4.21) 

ft 

Y  ^  =  2  S*n  ^T*  K0  —  s  (/  —  T„))  -f  <£„}.  (4  22) 

Prom  expression  (4.18)  it  is  evident  that  as  a  result  of  the 
multiple-pronged  radicwave  propagation  the  sicnal  at  the  input  cf 
receiver  acquir°s  "parasitic"  amplitude  modulation.  This  amplitude 
modulation  must  he  substantially  suppressed  fcy  limiter,  otherwise  it 
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will  cause  the  considerable  crosstalk  volume  in  telephone  channels 
[4.1].  Furthermore,  frca  (4.18)  and  (4.15)  it  fellows  that  the 
instantaneous  frequency  at  the  input  of  receiver  as  the  derivative  c 
its  phase  is  determined  ty  the  exjressicr 

<**V)  =  (**-rAamu{t)  +  4£  _  (4  23) 


Page  128. 


Consequently,  signal  at  the  output  cf  the  F *1  discriminator  of 
receiver  takes  the  for*  *) 

•  ■’(rt  “«(.'! - —  —  .  (4.24) 

Au),,  si 

FOOTNOTE  >.  During  this  recording  it  is  assumed  that  the  product  cf 
the  transmission  factors  cf  the  frequency  shift  key  and  the  FH 
discriminator  to  equal  1,  i.e.,  during  the  urdisterted  transnissicn 
the  signal  at  the  output  of  detectcr  is  equal  tc  signal  at  the  input 
cf  modulator  [4.2].  ENCFCCTNCTE. 


In  the  latter  expression  first  term  is  the  undistorted 
communication  and  the  second  -  distertier  picdcct  which  taking  into 
account  (4.20)  is  equal  to 


-\u)T 


■V  g>  V"  (Q  -  A"  [t'l  Y  !■■) 
A; —  Y- 1 1) 


(4.25) 
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Here  and  throughout  prise  designates  the  operation  of 
diffarentiation. 

Further  analysis  will  be  carried  out  taking  into  account  the 
indicated  in  Table  4.2  liaitaticns  which  occur  for  the  existing 
multichannel  tropospheric  systems.  In  chapter  3  was  obtained 
expression  (3.61)  for  the  energy  pulse  reaction  of  the  section  of 
tropospheric  line.  Fro*  this  expression  taking  into  account  (3.60) 
and  with  =  8500  ka  (average  ccrditiors  cf  refraction)  is  easy  tc 
find  that  for  the  paraxeters  cf  a  60-channel  system  g(  rt)  =0.  1,  if 
r j  =0. 2  ms,  and  for  the  parameters  cf  a  120-channel  system  g(  r,)=0.1, 
if  r,=0.05  ms.  This  leans  that  the  appearance  cf  components  with 
delay  relative  to  the  center  of  pulse  reaction  is  respectively  mere 
than  0.2  ms  and  0.05  ms  have  small  probability.  Ccnseguently ,  it  is 
possible  to  consider  that  in  expressions  (4.21)  and  (4.22): 

T*  <0,2  MKCSK  -PH  .V  =60  J  _  (4  26) 

<  0,05  MKcex  non  .V  =  120) 

Key:  ( 1)  .  with . 

Purther  from  (4.15)  it  follows  that 

sui  —  s(t  —  tK)  =  (4.27) 

*  ~  K 

During  the  use  of  standard  eguipraent  fer  multiplexing  the  upper 
cut-off  frequency  multichannel  communication  with  60  channels  is 
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equal  to  252  kHz  and  watt  120  enamels  -  552  kHz.  Consequently,  the 
period  of  upper  cut-off  frequency  is  appr  oxi  a  at  e  1  y  4  ps  and  2  >js  . 

Ta ■  >  into  account  (4.^6)  this  ssans  that  in  expressions  (4.27)  the 
period  of  the  most  rapid  cnanges  in  integrand  u (t)  is  much  acre  than 
the  interval  of  intecraticn  x.. 
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Therefore  in  the  internal  of  integration  function  u(t)  can  be 
considered  in  effect  permanent  and,  therefore,  instead  cf  (4.27)  it 
is  Dossible  to  record  the  approiiaate  equality 

i . :)  —  s  i ;  —  t j  ^  u  (:)  x„.  i  l.28) 

let  us  further  note  tnat  with  60  telephone  charnels  the 
effective  deviation  cf  lultichatcel  commcnicaticn  exceeds  deviation 
to  the  channel  2  tines,  and  with  120  charnels  -  2.3  times  [4.1]. 
Therefore  according  to  data  froa  table  4.2  for  the  existing 
tropospheric  systems  the  effective  deviation  cf  multichannel 
ccmaunication  composes  iith  6C  channels  20C  kHz  and  «itb  120  channels 
-  460  kHz.  It  is  alsc  kncwn  that  the  maximum  deviation  multichannel 
communication  A/m  v*ith  probability  95o/o  net  irere  than  1.5  times 
exceeds  its  effective  deviation  [4.2].  Ccrseccently , 

A/«  <  300  vu  npti  .V  =  60  , 
d/ni<690  Kan  rrpflT  .V  =  120j 


Ke  y:  (  1)  .  wiv  h . 
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with  tha  probability,  th€  close  cue  tc  the  unit. 


It  is  easy  to  show  that  during  limitations  (4.16),  (4.26)  and 

(4.24)  occur  the  apprcxiaate  equalities: 

sin[Au>„:i(r)Tk]  =  Am tA,  (4.20) 

cos|A(i>.a::  U)rj  ^  !  (4.31) 

(error  dees  not  exceed  lo/o) .  Taking  into  account  (4.28),  (4.30)  and 

(4.31),  expressions  (4.21)  and  14.22)  can  be  approximately  presented 


in  the  fora: 

.1  n 

X(t)  =  V^cosiu),^  -  <pK)  —  Au>„  u(t)  V  2'k  tk  ;in  -  <pj, 

Msai  \=*  j’ 

(4.32) 

**  n 

Y  (f)=s  V  UKi in(u)0r.  —  <fK)  —  Au>„  u(i)  V  6'ktkcosvu)uTk  —  <;J. 

AM  AM 

**■! 

(4.33) 

Let  us  examine  now  first  teras  in  expressions  (4.32)  and  (4.33). 
Fro*  the  comparison  with  expressions  (3.44)  is  evident  that  these 
ter*s  are  real  and  imaginary  parts  of  the  transfer  function  cf  the 
section  cf  tropospheric  line,  l.  e.  ,  P;Q)  and  Q(C1).  3vident  alsc  that 
the  sums  of  second  teras  of  expressions  (4.32)  and  (4.33)  are  the 
result  of  differentiation  pvQ)  and  Q(Q>  with  respect  to  the 
frequency:  let  us  designate  these  sums  through  P'^2)  and  Let  us 

recall  further  that  the  real  and  naginary  parts,  cf  the  transfer 
function  of  the  section  cf  tropcsph°ric  line  are  the  projection  cf 
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the  amplitude  of  total  signal,  at  the  point  cf  reception  with  the 
vector  image  cf  the  signal  (see  Chapter  2).  Face  13C. 


Consequently,  and  <2(Q)  can  he  recorded  in  the  form 


P(Q)  =  V^cos^i 
QVQ)  =  V'jSin^  I 


(4.34) 


where  Va  -  amplitude  ct  total  signal  at  the  pcint  cf  reception  and 
0  its  phase.  By  analogy  P'(Q)  andQ'(Q)  it  is  possible  tc  cctsider 
the  orojections  cf  certain  "modified"  signal,  and,  as  can  be  seen 
from  (4.32)  and  (4.33),  the  ccafcnents  of  this  signal  have  aiplitud- 


time  lag  '**  and  phase 


Respectively  can  be  recorded 


P'  ;Q)  =  V  ;;n  0.  i 

v  (Q)  -  Viccs01  •  (4  3o) 

where  v,  -  amplitude  of  tne  modified  signal,  and  —  its  phase. 
Taking  into  account  (4.34)  and  (4,35)  expression  (4.32)  and  (4.33)  it 
is  possible  to  rewrite  ic  the  fen: 


A';,-)  =  V’9ccs0.,  —  A<jv.  :<•:)’/.  sin <#>].  ^4.36) 

Y(t)  =  l-',}sir.0o  -  Au>,*  it's  cos  0:.  (4.37) 

Let  us  determine  first  the  power  of  transient  interferences  fer 
the  "frozen  troposphere",  i.e.,  in  the  ccnstact  parameters  cf 
mu  lti pie- pronged  channel.  Therefore  we  will  thus  far  consider  values 
and  <£,.  as  constants,  then  in  (4.36)  and  (4.37)  on  time  depends 
only  u  (t)  .  Talcing  into  acccurt  this,  let  us  differentiate  (4.36)  and 
(4.37)  on  the  time  and  »e  will  use  relationship  (4.25).  $s  a  result 
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after  simple  convarsicns  we  will  obtain  for  the  product  of  the 
distortions 


U  |’D  CO-5  0 


•  :  sir.  P  —  _W]^  {')  V\ 


(4.38) 


Let  us  further  expand  tie  right  side  cf  expression  (4.36)  in 
series  according  to  decrees  of  u(t),  moreover  we  will  be  restricted 
to  terms  of  expansion  net  higher  than  the  second  decree.  As  a  result 
after  obvious  conversions  we  will  obtain 

;  (!)  =  cos  -1>  ^  —  —  A <u  ,  !  ^*1*  ain  20  ;.-c  (/)]'  - 

•  i  -  "  M 

-  -i-  { 'f  cos  0(1-  2cos  20)  (u'  (:)]' .  (4.39) 


where 


0  =  0,,—  0, 


(prime  designates  the  process  of  differentiation).  The  first  renter 
of  expression  (4.39)  contains  the  derivative  cf  the  modulating 
function  u  (t)  .  since  spectrum  u*(t)  does  net  certain  new  spectral 
components  in  comparison  with  u(t),  then  the  first  term  determines 
the  so-called  "coherent*  product  cf  distortions.  This  term  dees  net 
bring  about  transient  interferences,  tut  gives  only  change  in  the 
level  cf  useful  coamun icatic a  ic  channels  [4.11.  The  second  term 
determines  distortion  products,  incoherent  with  u(t),  and  therefore 
characterizes  the  level  cf  transient  interferences. 
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The  third  tern  also  in  essence  contains  noncoherent  products; 
however,  it  it  has  also  coherent  with  u(t)  part.  Thus,  transient 
noises  are  determined  tj  the  second  and  third  members  of  expression 
(4. 39)  . 

For  convenience  in  further  computations  it  is  expedient  to 
introduce  standardized  values,  after  designating 


-4  = 

V1 

*li 

' V 2  ’ 
v0 

(4.40) 

0?  = 

V? 

(4.41) 

l 

T*  ’ 

where  V\  and  yz—nean  squares  of  values  V0  and  V,,  and  v0  and  vt  - 
the  standardized  values  cf  these  values;  it  is  cbvicus  that 
73=  i,  -Ji  =1.  Let  us  ncte  now  that  according  tc  (4.34)  and  (4.35) 

Vl  =  P'(Q)  +  Q'(Q)  =  2 05  \  '  ^4  42) 

F?  =  P  ,(Q)-Q'S(Q)  =  2a?j  ’ 

where  of  and  of—  the  *ean  squares  cf  the  projections  cf  the 
amplitude  of  basis  and  icdified  signals.  As  shewn  in  chapter  3  energy 
pulse  reaction  of  the  section  of  tropospheric  line  plays  for  random 
functions  p  r>)  and  Q(Q)  tfce  same  ccle,  as  energy  spectrum  for  the 
random  process.  It  is  known  that  tfce  mean  square  cf  process  is  equal 


L 
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i.  73 

to  integral  of  the  energy  spectrum  all  over  frequency  region,. 
Consequently,  by  analogy  between  the  fluctuation  noise  and  the  signal 
with  the  anil*  iple-  pr  cn  aed  structure  value  -3  is  equal  to  integral  of 
the  energy  pulse  reaction  all  ever  region  of  tine  lags.  For  the 
existing  in  practice  tropospheric  systems  energy  pulse  reaction  is 
even  function  r.  Therefore  aj  is  determined  by  th^  relationship 

am 

ao  =  2j  5(T,)ir,.  (4. 43) 

0 

Values  P'(Q)  and  are  derivatives  of  P(Q)  and  Q(,Q)  in  the 

frequency.  It  is  known  that  the  energy  spectrum  of  derived  process 
can  be  obtained  from  the  spectrum  of  fundamental  process  by 
multiplication  on  Q2.  “therefore  by  analogy  between  the  fluctuation 
noise  and  the  signal  with  the  multiple- prenge c  structure  "energy 
speertrum"  for  P'(£2)  and  Q' [ Q)  can  be  obtained  from  the  energy  pulse 
reaction  g(  r,)  by  multiplication  cn  -tj. 

Consequently,  value  is  determined  by  the  relationship 

al  ~  2  j  *fg (Xi) d Tj.  (4.44) 

3 
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Now  according  to  (4.42),  (4.4 j)  and  (4.44)  it  is  possible  to 


r°ccrd  the  following  equality: 
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\  U  (Ti)  d  T, 


vt.45) 


After  comparing  the  right  sides  of  expressions  (3.52)  and 
(4.45),  we  will  obtain 

—  > 

y~  =  At,.  (4.46) 

i-’i 

Let  us  recall  that  At  —  the  tean  value  cf  the  absolute 
divergence  of  group  time  lag  iron  aean  value  rrp  —  is  calculated  from 
formula  (3.76).  Express  in  (4.39)  values  v0  and  IA  through  their 
standardized  values.  F ui t he r »cr « ,  let  us  consider  (4.46)  and  will 
drop  in  (4.39)  the  first  ter*,  which  is  detersining  the  coherent 
product  of  distortions,  let  us  designate  also: 

•it  -  A  T;i  -  -  —  s:r.  20  j  -  A  r,  pt.  (4.47) 

i  -J  j 

ir j  -At,;  — - -  ccs  •l  \  :  — cos  20'  -  A  t,  p3.  (4.4S 

L3  4  J 


As  a  result  we  will  obtain  expression  for  the  incoherent 
products  of  the  distortions 

=  ‘ps  A  \j'  —  ip  j  A  u>*n  [ ;  iJ  i  r  1 )  ^ .  (4.49) 


Let  us  nota  new  that  in  work  [4.4)  during  the  computation  of  the 
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power  of  transient  noises  is  obtained  the  expression,  which  has  the 
same  form,  as  expression  (4.49)  J). 

FOOTNOTE  1.  The  presentation  of  work  [4.4]  car  fce  found  also  in 
T4.1].  ENDFOOTNOT5. 

True,  this  expression  in  work  [4.4]  is  obtained  for  the  product  of 
the  distortions,  which  appear  in  the  apparatus  circuit  with  the 
constant  parameters,  and  therefore  coefficierts  <a  and  ,fJ  are  here 
constant  values.  In  cut  case  aultip le-prcnged  tropospheric  channel 
has  the  variable  parameters,  anc  therefore  coefficients  atd  (Pj 

randomly  change  in  the  tine.  However,  these  changes  cccur  much  slower 
than  charge  in  the  signal  multichannel  ccmmunication .  Therefore  it  is 
possible  to  consider  these  coefficients  as  ccrstants  and,  after  using 
the  relationships  cf  work  [4.4],  tc  determine  the  pcwer  cf  transient 
noises  at  the  output  of  telephone  channel. 
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Obtained  thus  power  will  depend  on  the  slowly  changing  parameter 
which  determines  the  law  cf  probability  distribution  for  the 
crosstalk  volume. 

Let  us  note  also  that  for  the  real  tropospheric  lines,  taking 
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into  account  (4. 48),  and  also  tte  statistical  properties  of  random 
variables  v0,  vt  and  <£>,  it  is  possible  tc  shew  that  during  the  high 
percentage  of  time  the  pewer  cf  transient  noises  is  determined  in 
essence  by  the  first  meefcer  of  expressioc  (4.49).  Therefore  let  us 
leave  in  expression  (4.4S)  only  first  term  and  will  make  the  same 
conversions,  as  in  work  £4.4].  is  a  result  takirg  into  acccurt  (3.75) 
we  will  obtain  final  fcziula  fer  the  power  cf  transient  noises  at  the 
output  of  telephone  channel  at  point  with  the  -zero  relative  level. 


PB=10“ 


A  F«  4,C 


if 


(2-  Fif  (2  -  A  FJ  *  (a)  pj,  Mem,  (4.50) 


c*  d 


Key:  (1)  .  mW. 


where  ^  band  of  telephone  channel;  F ,  —  the  medium  frequency  cf 

the  i  channel.  *ae  —  the  psophcmetric  coefficient;  AF=F2-Fl  -  width 
cf  the  spectrum  multichannel  communication ;  Fx  F2  -  respectively 
lower  and  upper  cut-cff  frequencies  multichannel  communication  A/*  — 

f. _ f 

deviation  "to  the  channel";  °~~T — r - di mensicn less  coordinate  cf 

rt—rl 

the  medium  frequency  cf  the  channel;  yi(o)  ~  function,  which 
calculates  the  distribution  of  transient  ncises  on  the  basis  l*  the 
spectrum  multichannel  cc imun ica tic n  (in  Fig.  4.2,  undertaken  from 
[4.4],  is  shown  the  grapfc  cf  this  function);  pep  —  difference  in  the 
nepers  between  the  average  level  N  of  telephone  channels  and  the 
measuring  level  cf  ore  telephone  ctannel;  with  .V<240‘prp  it  is 
determined  from  formula  [4.1]: 

Pcp  =  ( —  1  -r  4  Ig.V).  66.  (4.51) 


l 


A 
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In  expression  ( U .  * C )  p2  it  is  the  random  variable,  determined  by 
relationship  (4.47).  Probability  distribution  for  value  p2  depicts  cn 
the  relative  scale  distribution  for  the  power  cf  transient 
interferences.  Value  p2,  in  turn,  depends  cc  random  variables  v0,  vt 
and  ^  The  statistical  properties  of  these  values  to  us  are  known. 


I 
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Fig.  4.2.  Distribution  cf  poser  cf  transient  noises  in  the  group 


spectrum  (in  the  relative  units). 
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As  has  already  teen  indicated  in  chapter  1  and  3,  the  amplitude 

cf  the  total  signal  v0  is  distributed  acccrdirg  tc  the  law  cf 

rayleigh,  and  its  phase  was  distributed  evenly  in  the  limits 

from  0  to  2*.  “roject.icns  of  tne  aoplitude  cf  modified  signal  p'{P) 
and  q/(Q)i  being  derivatives  of  the  nornal  distribution  cf  values 
P'Q )  and  Q  Q1!.  are  also  distributed  normally  [4.3].  Consequently, 
the  amplitude  of  the  modified  signal  v,  is  distributed  according  tc 

the  law  cf  rayleigh,  and  its  phase  &■.  is  distributed  evenly  in  the 

limits  from  0  tc  2n.  Further,  since  P'  o>  arc  Q'  Q)  '  is 
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statistically  not  depended  from  PiQ>  and  Q'-Q)  [4.3],  then  values 

v0  and  v,  ar°  not  depended,  and  a  difference  in  their  phases  ct>  is 
distributed  evenly  from  C  to  2w .  The  methods  cf  the  probability 
theory  make  it  possible  tc  find  the  lav  cf  probability  distribution 
for  the  function  from  several  random  variables,  if  are  known  the 
static  properties  cf  these  values  [4.2],  [4.3].  kith  these  methods  in 
[4.5]  is  found  the  integral  law  cf  distribution  for  value  p2,  which 
takes  the  fora: 


a'MpJ<p.)  =  j 


4 P,  ,  .  V  I  -  4P?  -p  1  -r  2  P.  „  1 

—  — =f - 0<p.,<4- 

V  !  —4 P*  [  l  !  —  IP2,  —  !  —  2  Pt  |  2 


4P.  V  4  P-,  —  i 

— arc  tg  -  ,  p2>_ 

;.i  V  4.°t-i  2 


(4.52) 


The  curve  of  the  integral  law  cf  probability  distribution  for 
value  p2  is  shown  in  Fic.  4.3. 


Let  us  examine  now  expression  (4.50),  which  is  determining  the 
power  of  transient  noises  in  telephone  channel.  Froi  this  expression 
taking  into  account  (4.47)  it  is  evident  that  the  power  cf  transient 
noises  grows  with  decrease  cf  vfi,  i.e.,  with  the  decrease  of  signal 
at  the  input  of  receiver.  This  is  -  important  fact,  since  fret*  the 
3ignal  at  the  input  cf  receiver  depend  tbernal  noises  in  telephone 
channel  (see  §4.1).  Consequently,  the  increase  cf  thermal  noises  with 
the  rapid  signal  fading  is  ccnnected  with  the  increase  of  transient 
noises.  This  connection  however,  is  not  single-valued,  tut  has 
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statistical  (correlative)  character,  since  crosstalk  vclaae  depend 
ret  only  on  v0,  but  alsc  cn  randca  variables  vt  and  c*>\ 
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Fi g.  4.3.  Integral  law  c t  probability  distribution  fcr  the  transient 
noises,  caused  by  in  It i pie- p  icnced  radiewave  propagation:  1  -  single 
reception  2  -  th«  doubled  reception. 

Key:  (1).  The  time  during  which  p2  is  longer  than  the  value, 
indicated  on  axis  cf  ordinates. 

Fage  13  5. 

Further  from  expression  (4.50)  it  is  evident  that  the  power  cf  the 
transient  noises,  caused  by  the  lulti-beaa  character  cf  propagation, 
is  proportional  to  the  width  of  the  antenna  radiation  pattern  to  the 
fourth  degree  and  to  the  length  cf  the  section  cf  line  to  the  eighth 
degree.  Thus,  the  power  cf  transient  noises  sharply  grows  with  an 
increase  in  the  length  cf  section  and  expansion  cf  the  antenna 
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radiation  pattern.  Furthermore,  fees  (4.50)  evident  also  that  the 
power  of  transient  noises  depends  substantially  cn  the  value  cf  an 
equivalent  radius  of  Eaita  i.e.  from  the  conditions  of 

refraction.  Physically  this  is  explained  by  the  fact  that  with 
deterioration  in  the  refraction  grows  the  scattering  angle  arc, 
therefore,  increases  the  relative  time  lag  cf  the  components, 
re-emitted  with  the  het e r ege re  it ies  of  the  troposphere.  The 
conditions  of  refraction  slowly  change  in  the  tiae.  Consequently , 
crosstalk  volume,  besides  the  rapid  f luc tua t iers ,  caused  by  a  change 
in  the  multiple- pronged  structure  cf  signal,  has  also  relatively  slow 
changes.  It  is  important  to  note  that  the  level  cf  thermal  noises 
also  has  the  slow  chances,  ceccected  with  the  slew  signal  fading  at 
the  input  of  the  receiver  (see  Chapter  1).  Screcver,  slow  changes  in 
the  thermal  and  transient  noises  have  statistical  ccnnecticn  and  this 
must  be  had  in  mind  during  the  design  cf  the  tropospheric  lines  of 
communications. 


Gain  with  the  diverse  reception.  On  the  tropospheric  lines  for 
dealing  with  the  rapid  signal  fading  is  utilized  the  diverse 
reception  moreover  in  practice  for  auararteeing  the  necessary  for 
stability  cf  communi i  ca t icn  usually  is  utilized  the  quadrupled 
reception.  For  adding  four  signals  accepted  ir  essence  are  utilized 
two  systems  of  the  addition: 
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1)  the  addition  cf  signals  in  pairs  in  the  circuit  cf 
intermediate  frequency  tc  the  detectors,  after  which  the  signals  from 
the  output  of  two  defectors  store  ir.  the  circuit  of  the  low 
frequency : 

2)  the  addition  cf  all  fcur  signals  in  the  circuit  cf 
intermediate  frequency  tc  me  detector. 

In  both  systems  during  the  addition  of  signals  in  the  circuit  cf 
intermediate  frequency  with  the  aid  cf  the  special  devices  is 
provided  the  coincidence  cf  fregueccy  and  phase  cf  the  stored 
siqnals. 

Let  us  examine  first  hew  influences  the  power  cf  transiert 
noises  the  diverse  reception  during  the  use  by  the  1st  cf  the  systems 
indicated.  During  the  addition  cf  two  signals  in  the  circuit  cf 
intermediate  frequency  value  v0  in  expression  (4.47)  is  an 
arithmetical  sum  of  twe  values,  distributed  according  tc  the  law  cf 
rayleigh,  the  law  cf  probability  distribution  fer  this  sum  is 
determined  by  expression  (2.44).  Let  us  note  that  the  addition  "in 
the  phase"  is  realized  only  fer  the  fundamental  signals,  but  not  for 
these  modified.  As  has  already  fees  indicated,  the  modified  signals 
are  statistically  not  cepend€d  frci  the  bases,  and  therefore  they  are 
added  vectctiallv. 


/ 
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meanwhile  it  is  known  that  vector  sum  of  twc  values,  distributed 
according  to  the  law  of  rayleigfc,  is  also  distributed  according  to 
the  law  cf  ravleiah  [4.2],  £4.3]  and,  therefore,  in  expression  (4.47) 
value  v,  has  Rayleigh  p rcrahilit y  distribution.  The  phases  cf  the 
total  vector  v0,  and  also  the  total  vector  vt  in  add  in  question 
system,  as  before,  are  distributed  evenly  frca  C  tc  2i».  Consecuently, 
in  expression  (4.47)  a  difference  in  these  phases  <P  is  also 
distributed  evenly  free  C  tc  2». 

Taking  into  account  the  statistical  properties  of  values  v0,  v, 
and  P  indicated  in  [4.5]  is  found  the  intecral  law  cf  the 
probability  distributer  cf  value  f2  during  the  doubled  reception  ard 
the  addition  of  signals  tc  tbe  detector.  This  law  *a*es  the  tors: 

l  ' 

j 

i 


j  .t  \  ;P*_  - 

where  R  -  function  P2,  eipcessicr  ; 'r  *  -  ' <  *  *<•  : 

The  curve  of  the  Integra,  .  d  »  ‘  *  ? :  value  r2  is 
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constructed  in  Fig.  4.3  next  to  the  curve  fcr  the  single  reception. 
From  Fig.  4.3  it  is  evident  that  the  use  of  the  doubled  reception 
during  the  addition  of  signals  tc  the  detector  significantly 
decreases  the  power  of  transient  noises.  This  is  understandable, 
since  in  this  system  of  addition  occurs  an  isprcvement  in  the 
uniformity  of  the  amplitude- frequency  characteristic  and 
characteristic  of  the  grcup  time  cf  propagation  of  the  section  of  the 
line  (see  chapter  3).  Curing  the  addition  cf  two  signals  in  the 
circuit  of  intermediate  freguency  to  the  detector  at  the  output  of 
detector  are  summarized  taermal  and  transient  ncises.  Then  are 
summarized  lcw-f requ ency  signals  from  the  outputs  cf  two  detectors, 
moreover  in  the  system  in  question  is  realized  the  linear  addition 
(see  chapter  2).  However,  with  sufficient  fcr  the  practice  accuracy 
it  is  possible  to  consider  that  here  is  conducted  the  automatic 
selection  of  that  of  the  lcw-f reauency  signals,  for  which  the  power 
cf  noises  is  minimum. 


Thus  it  is  first  necessary  tc  find  the  integral  law  of 
probability  distribution  fez  the  sum  of  thermal  and  transient  noises 
on  the  output  of  detector.  Further  it  is  possible  tc  calculate 
probability  that  the  total  ncise  at  output  cf  both  detectors  does  net 
exceed  the  specific  value.  This  probability  gives  the  integral  law  cf 
distribution  for  the  sub  cf  ncises  in  the  lcw-f requency  circuit, 
i.e.,  for  the  system  cf  tna  quadrupled  reception  as  a  whole.  Since 
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the  total  noises  at  the  output  cf  detectors  ate  net  depended  and 
detectors  are  identical,  then  according  to  product  rule  [4.2],  [4.3] 
this  integral  law  is  detersined  ty  the  relationship 

<  -vcs«t»)  =  I  -^(nc«T.  >  .Vc«r,)  = 

=  !—  >MW).  (4.54) 
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Sain  difficulty  with  the  solution  of  this  problem  consists  of 
the  determination  of  the  law  cf  probability  distribution  for  the  suit 
cf  tharmal  and  transient  noises  with  doubled  reception  i.e.,  in  the 
determination  of  function  \V(nCi»>Mcja)-  The  fact  is  that,  as  it  was 
already  shewn,  fluctuations  of  the  level  of  thermal  and  transient 
noises  at  the  output  cf  cetectcr  are  statistically  dependent,  which 
considerably  complicates  the  determination  cf  the  law  of  distribution 
for  their  sum.  Nevertheless,  b y  the  methods  cf  the  probability  theory 
this  problem  can  be  solved;  however,  mathematical  calculations  are 
very  complicated.  Therefore  these  calculations  here  are  not  given, 
but  is  given  only  final  result,  i.e.,  the  law  cf  probability 
distribution  for  the  sub  cf  noises  during  the  Quadrupled  reception 
and  the  addition  cf  signals  in  the  circuit  cf  lew  frequency.  This  law 
is  obtained  by  the  method  of  numerical  integration  in  electronic 
computer  and  it  is  analytically  stressed  he  it  cannot.  Graphically 
this  law  of  distribution  is  depicted  as  the  curve,  shown  in  Fia.  4.4. 
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-  vertical  axis  is  n«re  pted  relation  -Vcm; -Vo&  where  -V® 
:>wer  of  transisrt  interteces,  designed  according  tc 
f 4. 50)  with  p 2=  i .  The  cue  in  fig.  4.4  corresponds  tc 
'  th®  average  power  cf  thsvernal  and  transient  noises;  as  it 
shown  into  §4.«,  tnis  agu,ity  corresponds  tc  the  cptiuus 
n  of  frequency  in  which  tmiverage  total  pewer  cf  transient 
*al  noises  ainiaun.  However  calculations  shew  that  in  other 
>of  the  average  power  cf  tiraal  and  transient  noises  the 
(  the  integral  law  cf  prct.ility  distribution  for  their  sub 
cttle  freta  the  curve  in  fi.  4.4. 

ng  a  curve  of  the  law  cf  .istritutict  for  the  sui  cf  ncises 
atput  of  detector,  after  using  relationship  (4.54),  it  is  net 
d  tc  find  curve  for  the  total  power  cf  ncise  during  the 
ain  the  circuit  of  lew  frequency,  i.e.,  with  that  quadrupled 
c.  This  curve  is  also  sfccwc  iD  Fig.  4.4.  Frcn  the  cciparison 
c  in  this  figure  it  is  evident  that  the  quadrupled  recepticr 
sally  decreases  the  cvershccts  cf  ncises  in  ccnparison  with 
d< 
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?iq.  4.4.  Inteqral  law  c£  probability  distribution  for  the  sub  of  the 
therital  and  transient  rcisas:  t  -  the  doubled  reception;  2  -  the 
quadrupled  reception. 


Key:  (1).  the  time  during  which 

indicated  or.  the  axis  of  orciir.ates. 


is  higher  than  the  value. 
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Here  F(a, 0,7,7)  -  the  designation  of  the  h y pergecmetric  function 
whose  values  are  tabulated. 

Average-minute  power  cf  transient  ncises.  Formula  (4.50) 
deteraines  the  power  of  transient  noises,  measured  during  the  shcrt 
period  of  time  (of  secccc),  until  the  au lti pie- prcnged  structure  cf 
signal  can  be  considered  constant,  meanwhile  in  the  recommendations 
cf  PKKR  for  the  trcpcspteric  lines  is  ncimali2ed  the  average-minute 
power  of  ncises  [4.11.  it  is  cbvicus,  fcr  computing  the 
average-minute  power  it  is  necessary  to  find  the  rms  value  cf  value 
p2  in  accordance  with  its  law  of  distribution,  certain  difficulty 
here  lies  in  the  fact  that  the  theoretical ly  icct-mean-sguare  value 
cf  value  p2  does  not  exist.  This  is  obtained  because  the  theoretical 
laws  of  probability  distxinuticr  fcr  p2,  determined  by  expressions 
(4.52),  (4.53)  and  (4.55),  assume  possible  the  hew  conveniently  large 
"overshoots"  of  transient  noises.  It  is  in  actuality  certainly,  such 
"overshoots"  on  the  real  lines  cc  ret  cccur.  Therefore  during  the 
computation  of  the  rns  value  cf  p2  upper  integration  limit  should  be 
restricted.  Is  expediert  tc  accept  tnis  limit  equal  tc  = 

15.  This  value  p2  corresponds  ct  the  real  tropospheric  lines  tc  the 
overshoots  of  transient  roises  tc  10*  pW .  As  it  is 
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Let  us  examine  now  add  system,  in  which  is  realized  the  addition 
cf  all  four  signals  before  the  detector  (linear  addition,  see  chapter 
2).  In  this  system  of  ecditicn  value  v0  in  expression  (4.47)  is 
obtained  as  a  result  cf  the  addition  cf  four  values,  distributed 


according  to  the  law  of  rayleigb.  However,  the  law  cf  probability 
distribution  for  the  sui  cf  four  such  values  to  obtain  complicatedl y . 
Therefore  to  it  is  mere  convenient  consider  that  value  v0  is 
distributed  according  to  the  law  for  the  so-called  optimum  addition 
(see  chapter  2).  This  la*  is  very  close  to  the  law  ter  the  linear 
addition.  As  far  as  value  is  ccrcerned  v„  entering  expression 
(4.47),  then,  as  has  already  been  indicated,  the  modified  signals 
store  without  the  tunirg  of  the  phase;  therefore  v,  is  as  before 
distributed  according  to  the  law  of  rayleigb.  The  phases  of  total 
fundamental  and  total  cf  that  modified  of  signals  ard,  consequently , 
also  their  difference  ace  as  before  distributed  evenly  in  the 

limits  from  0  to  2*.  Taking  into  account  the  statistical  properties 


of  values  v0,  vt  and  0  indicated  by  the  methods  of  the  probability 
theory  [4.3]  can  be  found  the  density  of  distribution  of 
probabilities  for  value  p2  during  the  addition  cf  four  signals  to  the 


detector. 


This  density  cf  distribution  takes  the  form 

<  Pi .-«»)  «  0.08  F  -‘2.5:  3:  5,5;  1  ~P]CWTt).  (4.55) 
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establishad/installed  experimentally,  the  overshccts,  which  exceed 
this  value,  do  not  occur. 

Page  139. 

Thus,  according  to  the  rule  cfc  the  deter sina ticn  of  average  value 
[9.2],  [9.3]  the  rins  value  cf  value  p2  can  he  determined  by  the 
method  of  computing  the  integral 

p2  *»KC 

P]=  j  tiVWdpt,  (4.56) 

o 

where  H  ( p 2)  -  the  density  of  distribution  cf  probability  for  p2  with 
the  single  and  diverse  recepticrs  determined  by  expressions  (4.52) , 
(9.53)  and  (4.55).  Analytically  integral  in  (4.56)  is  calculated  very 
complicatedly,  and  therefore  more  simply  to  rescrt  to  the  numerical 
integration.  Graphic  calculation  cf  integral  in  (4.56),  carried  cut 
in  accordance  with  the  curves  m  Fig.  4.3,  and  also  expression 
(4.55),  gives  following  values  pj : 


Pi=  i.3, 

with  the  single  reception 

(4.57) 

'JO 

o 

II 

ns4 

(4.53) 

during  the  doubled  reception  and  the  addition  cf  signals  tc  the 
detector 


Pi  =  0,17. 


(4.39) 
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In  the  system  of  the  quadrupled  receptict  during  the  addition  cf 
the  pair  of  signals  tc  tie  detector,  and  then  by  the  additior  of 
signals  from  the  output  cf  two  detectors  tc  determine  the 
average-minute  oower  cf  transiert  interferences  is  impossible.  As  has 
already  been  indicated,  in  this  system  is  conducted  the  automatic 
selection  cn  the  sum  cf  transient  and  thermal  noises,  and  therefore 
here  has  sense  he  speaks  ctly  atcut  the  total  average-minute  power. 
Furthermore,  this  total  aver age-iinute  power  will  depend  on  the 
relationship  between  the  thermal  and  transient  noises.  There  is 
greatest  interest  for  the  practice  in  case,  when  with  the  single 
reception  the  average-minute  power  of  thermal  and  transient  rcises 
are  equal.  This  corresponds  to  the  minimum  tctal  power  of  the  ncises 
(see  §4.4)  . 

Calculated  average  value  in  accordance  with  curved  2  in  Fig.  4.4 
it  shows  that  in  this  case  is  the  system  cf  the  quadrupled  reception 
in  auestion  the  total  average-minute  power  cf  thermal  and  transient 
noises  3  times  (to  5  dfc)  is  less  tnan  tctal  average-minute  power  with 
the  single  reception. 

In  conclusion  let  us  note  that  the  calculated  here  average  pcwer 
cf  transient  noises,  strictly  speakina,  is  ret  average-minute.  The 
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fact  is  that  the  speed  cf  signal  fading  and,  consequently,  also  the 
frequency  cf  the  "overshoots"  of  transient  noises  on  the  real  lines 
comprises  the  ocrtions  cf  hertz.  Therefore  deling  the  minute  usually 
are  observed  a  total  ct  several  considerable  overshoots  cf  transient 
noises,  which  is  clearly  insufficient  for  deteriining  the  average 
value  for  the  minute.  Therefore  it  is  necessary  tc  keep  in  Bind  that 
the  calculated  here  values  cf  average  pover  are  average  for  a  few 
minutes. 

Page  140. 

Transient  noises  due  tc  the  parasitic  amplitude  modulation.  Frcm 
expressions  (4.15),  (4.16),  (4.19),  (4.21)  and  (4.22)  it  is  evident 

that  as  a  result  of  the  multiple-pronged  radicvave  propagation  the 
signal  amplitude  at  the  pcint  of  reception  is  modulated  multichannel 
communication  u(t).  It  is  known  that  if  this  parasitic  AM  completely 
is  not  eliminated  in  the  limitei,  then  it  causes  transient  ncises  in 
telephone  channels  [4.1],  >e  will  cot  be  it  here  gives  the  derivation 
cf  formula  fcr  ccmputirg  the  power  of  transient  noises  due  tc 
parasitic  AM,  but  let  us  give  ccly  the  method  cf  obtaining  this 
formula. 

For  obtaining  this  fcraula  one  should  substitute  (4.36)  and 
(4.37)  In  (4.19).  Further  expression  for  the  signal  amplitude  it  is 


DCC 


80025108 


PAGE 

possible  to  lead  to  the  fcra,  the  analogous  eipressicn  fro*  [4.6]  ‘)  , 
where  are  examined  trarsiant  interferences  due  to  parasitic  SC, 
aopearinq  in  the  circuit  eguipaert. 

FCCTMOT^  *.  The  presentation  cf  this  work  is  given  also  in  [4.1]. 
ENCFOCTNOTE. 


Then,  after  making  the  same  conversions,  that  also  in  [4.6],  is  easy 
to  obtain  final  formula  ler  the  calculation  cf  power  of  transient 
noises  due  to  parasitic  AM.  This  fcraula  fcr  the  point  with  the  zero 
relative  level  of  usefcl  signal  takes  the  fern 


P„  =  (0,  lor  4  * 2-A /J2  e4Pcp  ■ 

AM  f  -1C  °rP  '  “ 


Mem, 


Key:  ( 1)  .  4. 


(4.60) 


here  \-,rp—  coefficient,  which  considers  suppression  AC  by  liaiter, 
p,  -  random  variable,  egtal  tc 

Pjl  =  — —  sir.  0 ,  i4.61) 

H> 

remaining  designations  in  (h.60)  the  saae  as  in  (4.50).  Parameter  p,, 
depending  on  random  variabias  v0  i,  and  determines  the 

fluctuations  of  crosstalk  volume.  Taking  into  account  statistical 
properties  indicated  ateve  cf  values  v0,  v,  ard  0  it  is  possible 
to  find  the  laws  of  probability  distribution  fcr  value  pj  with  the 
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single  and  diverse  receptions.  These  laws  are  obtained  into  ?4,3;  Let 
us  here  point  out  only  that  in  the  receivers  cf  tropospheric  lines  is 
required  the  very  strong  suppression  by  parasitic  Afl  in  the  limiter 
for  guaranteeing  a  small  crcsstalk  volume.  Calculations  according  to 
formula  (4,60)  and  experimental  measurements  shew  that  with  the 
coefficient  of  superessien  An  u  the  limiter  0.  003-0. C04 

power  of  transient  noises  due  to  parasitic  ?n  composes  with  the 
diverse  reception  only  several  ten  piccwatts. 

Gain  from  the  introduction  cf  predistortions.  Cn  the  radio  relay 
lines  with  Chtt  with  multichannel  telephcry  usually  are  utilized  the 
predistortions  of  the  gxcup  spectrum,  with  which  increases  the 
deviation  in  "upper”  telephone  charnels  and  it  decreases  in  the 
"lower  ones"  [4.1].  The  introduction  of  predistertiens  changes  the 
level  not  only  of  thermal  ones,  hut  also  transient  noises.  This 
question  is  examined  ir  [4.7],  where  is  determined  the  corresponding 
gain  from  the  introduction  cf  predistortions.  As  it  was  shewr.  above, 
on  the  real  tropospheric  lines  transient  noises  due  tc  the  multi-team 
character  cf  propagation  ate  determined  in  essence  tv  the  1st  member 
cf  expression  (4.49),  i.e.#  by  the  product  cf  the  distortions  of  the 
2nd  order. 

Fage  141. 
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In  [4.7]  it  is  shewn  that  the  piedis t ert ions ,  introduced  in 
accordance  with  the  curve  of  BKKB  [4.1],  decrease  the  pewer  cf  the 
transient  noises  cf  the  2nd  order  (or  the  2nd  harmonic)  to  5  db,  cr  3 
times.  Consequently,  arc  fer  the  transient  rcises  due  to  the 
multi-beam  character  cf  propagation  in  upper  telephone  channel  we 

have  a  gain  from  the  introduction  cf  predistertiens. 

• 

b„ ^  =  5  do  (3  pa3a).  (4.62) 

Key:  ( 1)  .  time. 

Experimental  meas elements .  Ihe  experimental  measurements  cf  the 
power  of  transient  ncises  repeatedly  were  conducted  cn  the  rentes  cf 
different  extent  and  with  different  antenna  directivity.  The  results 
of  these  measurements,  given  in  £4.5]  and  [4.6],  coincide  well  with 
the  calculations  acccrcirg  to  the  formulas  cf  this  section1. 

FOOTNOTE  i.  Exception  arc  the  rcutss  above  sea  where  the  presence  cf 
the  strong  reaular  component  cf  signal  significantly  decreases  the 
crosstalk  volume.  ENDFCC1NCT  E  . 

In  Pig.  4.5,  undertaker  from  [4.5],  is  shown  the  Semple  of  the 
recording  cf  crosstalk  volume  cr  recorder  tape.  This  recording  is 
made  in  the  section  cf  trcpcspheric  line  with  a  length  of  30C  km  with 
th«  single  and  doubled  receptions  (during  the  addition  cf  sigrals  tc 
the  detector)  .  Crosstalk  volume  was  recorded  at  the  cutput  of 
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telephone  channel  with  the  rreguency  that  "p resenting"  tc  275  kHz. 

Ihe  effective  deviation  cf  freguency,  which  ccrrespcnds  tc  measuring 
level  of  one  telephone  chancel,  was  100  kHz;  the  width  cf  the  antenna 
radiation  pattern  of  -1°.  Frca  Fig.  4.5  it  is  evident  that  the 
crosstalk  volume  continuously  is  changed  due  tc  a  charge  of  the 
mu  Itiple-pranaed  struc  +  uie  cf  signal  and  at  the  seoarate  moments  of 
time  they  take  place  the  sharp  "c v6rshcots"  cf  this  level;  the 
doubled  reception  substantially  decreases  a  quantity  and  a  value  cf 
such  overshoots. 


Pig.  4.5.  Sample  of  the  recordirg  cf  the  fluctuations  of  crosstalk 
volume  on  recorder  tape. 

Key:  (1).  pw.  (2).  Doubled  reception.  (3).  single  r  sception.  ;  v 

Page  142. 

The  simultaneous  recordirg  of  signal  level  conducted  at  the  input  cf 
receiver  shoved  that  a  sharp  increase  in  the  crosstalk  volume  is 
connected,  although  it  is  aatigrcus,  with  deep  signal  fading. 

54.4.  Fluctuations  of  overall  line  attenuation  and  phase  of  signal  in 
telephone  channel. 

In  54,2  it  was  shewn  mat  1st  term  cf  expression  (4.39) 
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determines  the  coherent  product  cf  distortions  which  has  the  same 
spectral  components,  as  useful  ccaiunicaticn.  Coherent  product  is 
summarized  with  the  useful  c c a munica tion  gecmet rically  (it  is  vector) 
and  are  produced  change  in  level  and  phase  cf  signal  at  the  output  cf 
telephone  channel.  It  is  Ancwr  that  siqnal  level  at  the  output  of 
telephone  channel  is  deterained  ty  sc-called  "overall  line 
attenuation"  in  channel  [4.1].  Inus,  the  appearance  cf  a  coherent 
product,  caused  by  the  lolti-teaa  character  cf  propagation,  is 
equivalent  to  the  fluctuations  cf  overall  line  attenuation  ir.  the 
channel,  which  produce  chance  ir  the  vclcme  ir  subscriber,  atd  also 
they  can  lead  to  sel f- e xcitati c t  ir  the  channel.  Therefore  these 
fluctuations  must  not  exceed  the  specific  value*. 

FOOTNOTE  *.  Norms  to  changes  in  overall  line  attenuation  cn  the  lines 
"direct  visibility  are  given  intc  4.1.  Per  the  trcpcspheric  lines  cf 
such  norms  thus  far  there  dees  net  exist.  ESCfCCTNOTE. 

Changes  in  the  phase  cf  signal  during  the  tr arsuissicn  cf  voice 
communications  dc  not  have  a  value.  However,  these  changes  can  lower 
the  stability  of  communication  during  the  seccndary  multiplexing  cf 
telephone  signal  channel  cr  telegraph  or  binary  infertatien  (see 
Chapter  7).  In  accordance  with  (4.39)  the  coherent  product  cf  the 
distortions,  caused  ty  the  xulti-Deam  character  cf  propagation,  is 
equal  to 

u‘)  —  -77-  ccs  't>  u  i':1.  (4.63) 

*  > 
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Por  determining  the  fluctuations  of  overall  line  attenuation  ard 
phase  of  useful  signal  let  us  assuae  that  tc  the  input  cf  telephone 
channel  is  given  the  siaple  tone,  let  after  the  transfer  intc  the 
spectrum  cf  group  frequencies  this  modulating  signal  have  frequency 
The  amplitude  of  tfce  scdulatico  sigral,  as  intc  §4.3,  let  us 
take  as  equal  to  1-  Then  the  modulating  signal  takes  the  £cr« 

u(t)  =  sinQ/.  (4-64) 

Differentiating  (4.64)  cn  t  and  after  sutstituting  result  in 
(4.63),  we  will  obtain  fcr  the  coherent  product 

;K  (:)  =  Q.  li-  cos  <i>  ccs  Q  (.  (4.65) 

Fage  14  1. 
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Let  us  explain  the  now  physical  sense  cf  value  ~  cos  ,*>-  Per 

*  0 

express  the  derivative  cf  the  phase  response  cf  section,  i.e., 
time  lag,  throuqh  the  real  and  imaginary  parts  cf  the  transfer 
function  (see  Chapter  2).  In  accordance  with  (3.33)  we  have 


A  i  =  deW  _  'D'(Q)gfn)-P(C)v?' (Q) 
rP  dQ  P*(Q)  t-Q’CQ) 


(4.66  i 


this 

group 


After  substituting  (4.34)  and  (4.35)  in  (4.56),  after  simple 
conversions  taking  intc  acccuct  (4.40),  (4.41)  and  (4.42)  we  will 
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obtain 

Arrp  =  ~COS<i>.'  (4  67) 

From  comparison  (4.65)  and  (4.67)  it  is  evident  that  the 
coherent  product  of  distortions  is  deteriinec  cy  expression 
ex  (t)  =  Q  A  trp  cos  Q  t.  (,4.68) 

The  fundamental  harmonic  of  signal  at  the  output  of  the  Ff! 
discriminator  is  composed  ci  the  urdistoited  communication  u  (t)  and 
coherent  product  eK(/).  Cc rsequently,  the  fundamental  harmonic  of 
signal  is  determined  by  the  expression 

Ui  (1)  =  sin  Q  f  ~  Q  A  trp  cos  Q  t.  (,4,69) 

Expression  (4.69)  is  easy  tc  reduc*»  tc  thp  form 
“i  (0  =  ^1  sin  (Q/-rPi).  (4.70) 

where 

£A»x  =  /!+(£  A  .  (4.71) 

fr-QAt,,.  (4.72) 

Group  time  laq  chances  randomly  as  a  result  cf  a  change  in  the 
multiple-pronged  structcre  cf  the  signal  (see  Chapter  3). 

Bespecti vely  randomly  change  amplitude  LV.i  and  phase  6,  for  the 
fundamental  harmonic  of  signal  at  the  output  cf  the  FM  discriminator . 
The  frequency  of  these  fluctuations  has  the  same  crder,  as  the 
frequency  cf  rapid  signal  fading. 

From  the  examinaticr  cf  expressions  (4.7C),  (4.71)  and  (4.72)  it 
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is  possible  to  draw  twc  important  conclusions: 

1)  with  any  changes  At,,  occurs  only  a  increase  in  the  aaplitude 
of  the  fundamental  harmonic,  i.e.,  the  decrease  cf  overall  line 
attenuation; 

2)  the  fluctuation  cf  the  phase  cf  signal  can  be  considered  as 

its  delay  to  period  furthermore,  from  (4.12)  it  fellows  that, 

measuring  the  phase  cf  signal  at  the  output  cf  the  Fn  discriminator , 
it  is  possible  with  the  Ancwn  Q  tc  obtain  value  At„;  this  netted  cf 
measurements  is  used  eitensiveij  on  the  tropospheric  lines  (see 
Chapter  3)  . 

Page  144, 

Thus,  amplitude  and  pnase  c i  the  modulating  signal  at  the  output 
of  the  Pi  discriminator  are  ccapletely  determined  by  value  [words  net 
found  in  document]  <j0  *. 

FOOTNOTE  *.  This  is  correct  fer  any  four-pcle,  if  in  the  limits  cf 
the  spectrum  of  the  modulated  signal  the  value  practically  is  not 
changed;  hence  occurs  therm  "group  time  lag",  i.e.,  the  delay  time  of 
the  modulating  signal.  EhCFCClNC'IE. 
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It  is  necessary,  however,  to  xeep  in  Bind  that  relationship 
(4.39)and,  consequently,  also  relationships  (4.71)  and  (4.72)  are 
approximate  and  give  sufficient  accuracy  only  with  the  fulfillment  of 
limitations  (4.26)  and  (4.29).  is  it  was  shcwr  into  <?4.2,  cn  the 
tropospheric  lines,  intecded  for  multichannel  telephony,  these 
limitations  in  the  high  percentage  cf  tise  are  fulfilled.  But  at  the 
separate,  rare  moments  cf  tiae  the  limitations  indicated  can  and  not 
occur.  Therefor®  with  saall  probability  are  nevertheless  possible  the 
cases  wh®n  signal  amplitcde  dees  ret  increase,  tut  it  decreases,  and 
the  phase  of  signal  no  longer  is  determined  by  value  At,p  at  the 
frequency  u0. 

The  integral  law  cf  probability  distribution  fer  drrp  is  obtained 
in  chapter  3  and  takes  fcca  (2.5C).  This  law  determines  probability 
distribution  for  the  fluctuations  cf  amplitude  and  phase  cf  useful 
signal  with  the  single  recepticr  if  Ar-P  with  prebability  i  dees  net 
exceed  Ar-,..  then  with  the  same  prebability  «  signal  amplitude  does  net 
exceed  p  ",  - ,  wArrr,;-,  and  the  phase  cr  signal  cces  net  exceed  A[>Trr. 
Curing  the  doubled  recepticr  ana  the  additicr  cf  signals  tc  the 
detector  we  dc  net  thus  far  have  a  law  cf  probability  distribution 
for  ArrP.  This  law  can  be  determined,  on  the  basis  cf  relationship 
(4.67).  As  it  was  shcwr.  into  $4.2,  in  this  system  of  the  diverse 
reception  value  v0  has  density  cf  distribution  (2.44),  value  V,  is 
distributed  according  tc  the  law  of  Rayleigh,  and  value  ^  is 
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distributed  evenly  in  tie  limits  from  0  to  2*.  Taking  into  account 
the  statistical  properties  cf  values  V0,  7,  ard  ^  indicated  in 
accordance  with  expression  (4.67)  in  [4.5]  is  found  the  integral  law 
cf  probability  distribution  for  value  during  the  doubled 

raception  and  the  addition  cf  signals  tc  the  detectcr.  This  law  takes 
the  fora 

IT  >  s'  =  ! =JL-  ( \ - i— ' ,  (4.73) 

\  r.  i  8-  -  j  \  :  —  S'-:  ’ 

where  Ar,  it  is  calculated  tica  fcnula  (3.76). 

during  the  quadrupled  reception  and  the  addition  of  signals  to 
the  detector  values  V,  and  d>  as  fcefcrp  have  Fayleigh  and  uniform 
probability  distributions,  and  value  V0  has  a  law  of  distribution  for 
the  sum  cf  four  values,  distributed  according  tc  the  law  cf  rayleigh. 
However,  analysis  considerably  is  simplified,  if  we  consider  that  the 
amplitude  cf  the  input  signal  V0  has  probability  distribution  the 
same  as  in  the  system  cf  the  automatic  selection  cf  the  best  cf  the 
si ana  Is.  As  shown  in  chapter  2,  probability  distribution  during  the 
quadrupled  reception  arc  tfce  automatic  selection  is  close  to  the 
distribution  during  the  additicr  of  signals  tc  the  detector. 

Page  145. 

Taking  into  account  the  statistical  properties  cf  values  70,  V,  and 
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\t>  indicated  in  [4.9]  is  obtained  the  integral  law  cf  probability 
distribution  for  Arrp  -during  cuadrcpled  reception  and  additict  cf 
signals  to  the  detector.  This  la*  takes  the  fcr§ 
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Let  us  note  that  with  S>>1  occur  the  asymptotic  formulas; 

^ 

The  curves  of  the  laws  cf  probability  distribution  for  value 
Atrr,  with  the  doubled  and  quadrupled  receptions  are  constructed  to 
Fig.  4.6.  is  here  for  tte  comparison  constructed  the  corresponding 
curve  for  the  single  reception  undertaken  frci  Fig.  3. a.  Comparing 
(4.61)  and  (4.67),  we  see  that  these  curves  correspond  also  tc 
probability  distributicc  fcr  value  pt. 


As  it  follows  frcir  (4.72),  measurement  cf  the  chase  of  the 
fundamental  harmonic  ct  signal  tc  the  output  cf  the  FI*  discr i minatcr 
gives  value  Atrp.  Experimental  measurements  At,-,  were  conducted  in  the 
section  cf  tropospheric  line  with  a  length  cf  3CC  km  with  the 
antennas  with  the  width  cf  the  radiation  pattern  cf  1°.  The  results 
cf  these  measurements  tcth  witn  doubled  and  with  the  single 
receptions  coincide  wel]  with  the  theoretical  laws  cf  distribution 
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for  ATrp.  Measurements  were  conducted  with  the  aid  of  the  instrument 
IV Z  and  it  is  in  detail  described  into  82.3.  Cn  the  route  indicated 
were  conducted  also  the  aeasureients  cf  the  fluctuations  of  the 
amplitude  cf  the  fundanertal  haraonic  of  siccal  at  the  output  cf  th 
FM  discriminator. 


DOC  =  30C25108 


yv  12  110  20  JO  50  7  a 


q a  Hi  • 

i,  S/menu,  S  ,rt event-e  tomafiizc  - 

iVUit  IMVlhUt,  jKZlZHHOlO  -2.  XI 
opdunam  ft ) 

Pig.  4.6.  The  integral  law  c t  prctability  distribution  for 
fluctuations  •<>  with  the  single  and  diverse  receptions;  1  -  single, 

2  -  doubled,  1  •  quadrupled  receptions. 

Key;  (1).  Tine  during  which  Pt  is  higher  than  the  value,  indicated  on 
the  axis  cf  ordinates. 

Page  146. 

In  these  measurements  tc  the  input  cf  the  frequency  shift  key  cf 
transmitter  was  supplied  sinusoidal  signals  with  the  frequency  of  2 *7 5 
kHz  and  the  level,  which  corresponds  to  deviation  14C  kHz.  with 
receiving  dead  °nd in g  the  level  cf  the  fundamental  harmonic  cf  the 
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detec  tel  signal  sas  recorded  with  recorder  tape  (Pig.  4.7).  In  this 
figure  it  is  evident  that  fcr  tie  fundamental  harircric  a 
characteristically  sharp  increase  in  the  level  at  the  separate 
moments  of  time  {"o ver s t cct s")  .  Evident  also  that  the  voltage  of  the 
fundamental  harmonic  dees  net  tali  below  the  specific  level.  Sas 
carried  out  the  recorditg  c£  the  fluctuations  cf  the  fundamental 
harmonic  at  different  modulating  frequencies  from  14  to  275  kflz.  This 
recording  showed  that  the  fluctuations  of  the  fundamental  harmonic 
increase  with  an  increase  in  modulating  frequencies.  All  this  is  in 
complete  agreement  with  conclusions  of  theory.  According  to  the  data 
cf  tape  recording  cf  chart-recording  instruaert  were  constructed  the 
experimental  curves  cf  probability  distributicn  fcr  the  fluctuations 
of  the  fundament  al  harircric  with  tie  single  ard  doubled  receptions. 
These  curves  coincide  well  with  theoretical,  designed  according  to 
formulas  (4.71),  (4.76)  and  (4.73). 

$4.5.  Determination  cf  the  optimum  deviation  cf  frequency  cn  the 
lines  DTv. 

In  $52  and  3  this  chapter  were  determined  the  thermal  and 
transient  noises  of  multiple-pronged  origin  at  the  output  cf  cne 
section  cf  line  DT7  [see  formulas  (4.13)  (4.5C)]. 

The  total  oow«»r  cf  noises  at  the  output  cf  cne  section  1 

(4.75) 
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will  depend  substantially  cn  deviation  af  frequency,  since  from  an 
increase  in  the  deviaticr.  the  value  cf  therial  ncises  falls: 


p  = 


a/: 


(4.76) 


but  the  value  of  transiect  ncises  increases 

?-  =  6  A .  (4.77) 

POOTHOTE  *,  Without  taking  into  account  the  ncises  cf  the  equipaent 
criqin  (for  details  see  chapter  6).  ENDPCCTSCIE. 


o  ^  ^  -  v*  ^  o  I'lr.fi*  . 

-V..=  :::  ;<hc 
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Values  a  and  fl  deteraine  froa  fornulas  (4.13)  and  (4.50).  for 
the  upper,  the  verse,  channel  they  are  equal  to: 

^  (4-n)1  n  k  T  ^  f  K  a*Xc  4^  4  v ^  /•* 

^na  Gnt  i.-  i;,p 


P=  10-3  -J7T^{2r-F^{2 ^e^i/M'a) 

J  r  pnp  4  .v 


( 4. 7S> 
(4.79) 


After  substituting  (4.76)  and  (4,77)  in  (4.75),  it  is  pcssifle 
to  determine  the  optiau#  deviaticc  cf  fregusrey  tc  channel  V. 
corresponding  to  the  Ticiaua  cr  the  total  never  cf  ncises  at  the 
cutout  of  section1. 
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PGCTSOTS  1 .  The  account  cf  the  transient  noises  cf  the  apparatus 
origin  whose  value  usually  is  substantially  less  *-han  Pa.  scsewhat 

decrease  the  obtained  lever  value  cf  the  optimum  deviation  of 

frequency.  EKDFOCTNOTE. 


The  minimum  of  function  P^  il/J  corresponds 


A/ 


K  onr 


■4.  ic  i 


In  this  case  p1  =  pa=V~ a^-  After  substituting  in  (4.80)  the  values 
a  and  B,  we  will  obtain  the  optiaui  deviation  cf  frequency  ir 
depending  on  the  parameters  of  equipment  and  line  DTP 


A/ 


K  Of>T 


4  f  IQ1  n<  T  \  F  dp  A  Y,y  Sc  a*  a  -  *cp 

V  P-a  0r  A  Gnp  /.»  y,  k :)  ij  1~X; 


,4.  SI) 


Formula  4.81  can  he  converted  taking  irtc  account  the  following: 
amplification  factors  flatten  aid  transmitting  cf  antennas  is  usually 
equal  to  G^  =  Guv  and  connected  with  the  width  cf  radiation  pattern 
according  to  half  power  with  relationship  (fcr  the  parabolic 
antennas) 

<?** — ■ 

2  * 
a5  (pad) 


re lat ion 


V,v 


-depends  or  a  nuifcer  cf  diverse  receivers  and  fcr  the 


Ps 

doubled  and  quadrupled  recapticrs  is  close  to  value  cf  1.15 


-^-  =  i,iV 
pi  ) 


for  the  upper  channel  yjiaJsO.U?:  the  nuserical  values  kT=4»10"2*; 
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c=3*1 0*  ka/s; 


a,=  3 . 5  «  1  C  3  km. 
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Then 


^  onr 


=  0,87- 10* 


<  r 

V 


A  F  n  ?yc  -4  *  A 
ppx  '■ui 


(4.81a) 


For  example,  for  a  60-  channel  lire  in  the  section  nith  a 
d=300  km  in  the  parameters  cf  the  equipment:  >  =  C.35  a  Pr.z 
,-l4-  2  IB  and  to  loss  cf  the  a  t  f  li  ticaticn  cf  the  pair  cf 
d.c  =  10  d B  optimum  deviation  -V'  ;;-.=65  kHz. 


length  cf 
=  3  kS,  n  =  2, 
antennas 
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Chapter  5. 

EQUIPMENT  FOR  TRCPOSFHEEIC  3 ACIC  BELA?  LINES. 

<55.1.  Characteristic  features  ard  content  of  the  equipment  of 
stations  tropospheric  radio  relay  lines  (TRl). 

Stations  of  tropospheric  radio  relay  lines  -  complex  of  the  most 
diverse  equipment  and  installations.  Stations  of  TRl,  as  a  rule,  are 
located  far  from  the  populated  areas  and,  consequently,  also  far  from 
the  centralized  electric  pcwer  sources;  therefore  they  have  their 
self-contained  power  supplies.  At  present  all  stations  cf  TRL  are 
serviced  and  greatly  frequently  are  combined  with  the  stations  of 
radio  relay  lines  of  sicfct  cc  by  the  points  cf  cable  main  lines  for 
the  association  of  these  all  sears  into  the  common  communicating 
syste  a , 

In  the  tropospheric  radio  relay  lines  it  is  possible  tc  isolate 
three  tyoes  of  stations. 
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The  terminal  station,  located  in  the  beginning  cr  at  the  end  cf 
the  entire  line,  exists  independently  or  is  a  transitional  link  frci 
the  radio  relay  line  cf  sight  cr  cable  main  line  to  the  trcpcspheric 
line.  Terminal  stations  can  be  utilized  with  the  complete  assembly  cf 
equipment  in  the  beginning  cf  cc ■■ unicat icn  network  cr  in  the  reduced 
soace,  for  example,  cnly  fcr  the  reception  cf  television  pregram  at 
the  ends  cf  the  franchises. 

Transit  exchange,  in  contrast  to  the  transit  exchange  FFL  of 
direct  visibility,  always  provides  the  demodulation  cf  the 
high-frequency  signal  accpted  tc  the  qrcup  cr  video-spectrum.  Transit 
exchanges  it  is  possible  tc  divide  into  twe  categories:  stations  with 
isclation  and  introduction  cf  telephone  channels  and  television 
program  and  station  without  the  isolation  of  telephone  channels  and 
introduction  of  television  program. 

Stations  with  the  branching  provide  tee-eff  cf  high-f reguency 
shafts  -  telephone  or  telavision.  Stations  cf  complete  branching, 
actually,  consist  of  tve  stations  -  terminal  both  intermediate  and 
during  the  organization  cf  cc mmunication  branching  is  considered  as 
independent  line. 
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Equipment  TFL  has  much  in  common  with  excipient  PPL  of  direct 
visibility  [5.  1-5.4],  tot  at  tne  sane  ti»e  individual  equipmett 
strongly  differs  from  analogous  equipment.  1b  the  tr ansmitters  are 
applied  special  powerful  output  amplifiers  fci  cttaining  on  the 
output  of  large  high-f reguency  power.  This  draws  the  appearance  of 
special  water-air  coding  systaas  of  the  output  units  cf  trarsaitter. 

In  the  receivers  ate  applied  the  highly  sensitive  lew-noise 
amplifiers  -  parametric  cr  cn  the  tunnel  diedes  and  special  equipment 
fer  a  decrease  in  the  threshold  level  cf  received  signal.  Appear  need 
the  protection  of  this  equipment  frem  the  different  interferences 
and,  on  the  contrary,  the  need  for  the  protection  cf  ether  systeas 
from  the  interferences  ftca  the  side  cf  stations  cf  TPL.  Arise  the 
questions  of  the  protection  cf  the  service  personnel  from  the  harmful 
fciological  radiation  effect  cf  transmitters. 

Into  the  content  the  equipment  of  statiers  cf  TFL  is  included 
the  following  equipment  and  the  equipment:  the  transceiver  equipment 
with  the  systems  of  repeated  rsception,  monitoring  and  measuring, 
antenna-waveguide,  heating,  ventilation,  inp c t-ccamutational 
equipment,  the  equipment  cf  illumination  3nd  ciesel-qeneratcr 


installations 
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Depending  on  the  purpose  cf  station  intc  it  can  enter  television 
equipment  and  apparatus  for  multiplexing  or  isclaticn  of  telephone 
charnels. 

The  electronic  equipment  of  stations  is  located  in  the  technical 
building,  constructed  letween  tte  antenna  systems.  J>t  the  stations 
with  the  antenna  systems  in  the  fora  cf  paratclic  rectangular  miners 
with  the  horn  feed,  referred  from  the  mirrcrs  tc  the  large  distance, 
the  equipment  is  connected  with  the  irradiatcrs  by  the  waveguides 
with  a  length  of  50-70  a.  During  tte  use  of  paratclic  antennas  with 
the  reemitters  equipment  it  is  expedient  to  install  in  the 
three-storied  buildings,  which  substantially  decreases  the  length  cf 
waveguides  and  it  aakes  it  possible  to  place  equipaent  in  three 
independent  instrument  rcoas:  receiving  instrument  rocm  -  third 
landing,  by  the  transmitting  instrument  iocn  -  the  second  landing  and 
ty  low-frequency  instruaent  room  -  the  first  landing. 

55.2.  Block  diagrams  of  the  stations  of  tropospheric  radio  relay 
lines. 

Let  us  examine  the  tlcck  diagrams  of  the  stations  cf 
tropospheric  radio  relay  lires  with  a  different  number  cf 
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high-frequency  shafts  and  witn  the  different  methods  cf  the  diversity 
cf  received  signals,  since  in  the  majority  cf  the  cases  terminal 
station  composes  the  half  intermediate,  then  let  us  examine  the  block 
diagram  of  transit  exchange  cf  1BL  with  the  system  cf  quadrupled 
reception  (Pig.  5.1)  and  by  tne  diversity  cf  received  signals  in  the 
space  and  in  the  frequercy,  intended  fcr  the  transmission  of  the 
siqnals  multichannel  telephony.  It  this  station  fcr  the  work  in  each 
direction  are  utilized  two  transmitters  and  ct  fcur  receivers. 

Page  151. 

•the  use  of  twc  transmitters,  tnrcugh  which  is  transmitted  one  and  the 
same  communication,  and  four  receivers  net  ctly  raises  the  quality  of 
transmission  in  accordance  with  an  increase  in  the  multiplicity  cf 
reception,  but  it  also  ircreases  eguipmert  reliability  of  station. 

The  adopted  on  twc  antennas  the  signals  cf  the  preceding  station 
enter  four  receivers  -  EC|,  Pr2,  Pti'  and  Ft*'  through  separation 
filters  RP,  and  SFZ.  Since  each  antenna  picks  up  signal  from  two 
transmitters,  which  werk  at  the  different  frequencies,  then  in  erder 
to  direct  the  siqnals  cf  these  frequencies  teward  the  appropriate 
receivers  they  are  applied  separation  filters  indicated.  Cn  this 
block  diagram  are  also  depicted  the  antennas,  which  consist  cf 
parabolic  reflector  2  acd  hern  eiitter  RC,  which  ensures  emission  and 
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reception  cf  the  elect rc nagnetic  vibrations  cf  different 
polarization.  Signals  frca  tie  fccrc  feed  tc  separation  filters  fall 
cn  the  waveguides  7.  T  »c  receivers,  connected  to  different  artennas, 
are  inclined  fcr  one  frequency,  ard  twc  cf  ethers  -  tc  another.  The 
addition  of  signals  is  realized  in  pairs.  First  store/add  up  the 
signals  of  the  receivers,  irclited  for  one  frequency.  Addition  is 
realized  in  the  interned iate  frequency  before  the  de nod ula ticn  in  the 
equipnent  of  addition  Slt,  and  then  the  addition  of  signals  frcn  twc 
Fairs  of  receivers  tuned  to  the  different  frequencies;  this  addition 
is  realized  after  deaodulaticn  in  the  group  treguency  in  ether 
equipnent  of  addition  Sl2. 


k 
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Fig.  5.1.  Block  diagram  cf  the  transit  exchange  cf  the  tropospheric 
radio  relay  line  with  the  system  of  the  cuadrtpled  reception. 

Page  152. 

The  added-up  and  modulated  signal  cf  group  frequency  enters  the  stand 
cf  low  frequency  NCh,  and  then  multichannel  equipment  for 
multiplexing  or  isolaticc  cf  channels  AO  and  the  equipment  of  service 
communication  SS. 

On  the  side  of  transmission  the  signals  frcm  the  equipment  for 
multiplexing  and  eguipmert  cf  official  ccmmuc ication  through  the 
stand  NCh  are  supplied  tc  the  ccimcn  for  twc  transmitters  modulator 
H,  in  which  is  realizec  frequency  modulation.  Further  transformation 


DCC  =  30025109  FIGE 

of  the  frequency-modulated  signals  into  the  signals  cf  higher 
frequency  and  bringing  power  up  to  the  necessary  value  in  several 
kilowatts  occurs  in  twc  separate  transmitters  Eer»  and  per2,  which 
work  at  the  different  frequencies.  High- freg oency  energy  from  these 
transmitters  on  the  waveguides  is  supplied  respectively  to  the 
irradiators  of  two  artercas.  At  this  station  for  the  vork  in  each 
direction  are  utilized  two  transiitters.  Each  transmitter  works  on 
its  antenna,  and  each  antenna  is  utilized  fcr  the  reception  and  for 
the  transmission. 

At  the  station  is  provided  the  monitoring  and  measuring 
equipment  for  checking  qualitative  indices  cf  receivers  SO..-. 
equipment  for  checking  the  parameters  of  transmitters  A'G-,,,  special 
monitors  for  the  measurements  and  the  group  circuit  KO.  The  electric 
power  supply  of  entire  station  is  realized  from  twc  primary  sources 
cf  electric  power  supply  EIE-1,  PIE-2.  In  this  case  all  the  eguipmert 
cf  station  is  distributed  so  that  the  half  the  receiving  equipment, 
which  works  at  one  frequency,  ana  the  half  the  transmitting 
equipment,  which  corresponds  tc  these  receivers,  are  supplied  frcm 
one  of  the  sources  of  primary  electric  pcwer  supply,  and  other  half  - 
from  other.  During  the  malfunction  of  one  cf  the  sources  the 
efficiency  of  station  is  retained. 

Pig.  5.2  give  the  tlcck  diagram  of  the  transit  exchange  cf  the 
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tropospheric  radio  relay  system,  designed  for  tec  high-frequency 
shafts,  each  of  which  car.  be  used  both  fcr  the  transmission  cf 
telephone  signals  and  fcr  the  transsissicn  cf  televisicn  program, 
moreover  sonic  tracking  is  transmitted  in  the  same  shaft,  as  picture 
signals.  Station  is  constructed  so  that  are  provided  fcr  the 
possibility  of  the  simultaneous  use  of  two  shafts  fcr  the 
transmission  of  the  signals  multichannel  telephony,  the  possibility 
of  isolation  and  introduction  cf  telephone  channels  and  television 
program  at  each  station.  For  this  introduction  and  isclaticn  cf 
channels  as,  however,  and  in  the  preceding  tlcck  diagram,  at  each 
station  are  realized  demodulation  and  repeated  modulation  of  signals. 
For  an  improvement  in  the  quality  and  reliability  of  communication  is 
utilized  the  quadrupled  reception  kith  the  angular  and  frequency 
diversity  of  signals.  Cn  the  transit  exchange  are  installed  twc 
transceiver  parabolic  antennas  kith  re-emitters  and  two  horn  emitters 
for  the  angular  diversity  of  signals. 

Fage  153. 

cne  antenna,  which  consists  cf  the  large  mirrcr  EZ,  the  re-emitting 
mirror  ?Z  and  fcwc  horn  emitters  EC,,  BO?,  is  utilized  fcr 
communication  with  the  preceding  station,  and  ether  -  for  the  work 
with  the  subsequent  staticn. 
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On  the  block  diagram  all  elements  of  the  first  shaft  have 
numeral  1,  all  elements  cf  the  second  shaft  numeral  2.  All  elements 
which  work  in  the  direction  cf  the  preceding  station,  they  are  noted 
by  prime,  the  elements  which  work  in  the  direction  cf  the  preceding 
station,  prime  they  dc  ret  have. 

On  the  block  diagraa  are  depicted  the  ir  principle  important 
assemblies  of  high-f recuency  circuit,  circuit  cf  addition,  video-  and 
group  circuits,  and  also  the  most  important  elements  of  commutation 
and  checking.  The  first  shaft  works  in  the  mede  cf  television,  by  the 
second  -  in  the  mode  multichannel  telephony. 

Signals  from  the  preceding  station,  accepted  by  antenna  and  two 
horn  feed,  through  separation  filters  BF ,  arc  F  F  2  reach  the  inputs  cf 
four  receivers  of  the  first  shaft  ES,-1,  PB2-i,  ERs-l  and  F8*-l,  and 
then  to  the  equipment  £  1— 1 .  The  folded  signals  ate  demodulated  in  the 
demodulator  D-1  and  after  distributor  BO-1  enter  the  equipment  of  the 
separation  of  picture  signals  and  sonic  tracking  FIZ,  into  the 
equipment  of  the  correction  and  cf  regeneration  OKR,  and  then  through 
input-commutation  equipaent  V  KG  they  are  supplied  tc  the  telecast 
station  cr  the  repeater. 
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Pig.  5.2.  Block  diagrae  c£  transit  exchange  cf  TSL  tc  two  shafts  fcr 
the  transmission  of  the  signals  cf  telephony  and  television. 

Key:  (1).  Television  shaft.  (2).  Telephone  shaft. 

Page  154. 

If  at  this  station  is  realized  cnlj  the  branding  of  television 
prooram,  then  picture  signals  aid  sound  after  distributor  are 
supplied  through  the  matching  device  SO- 1  tc  the  modulator  H- 1  of 
transmitter.  On  the  transit  exchanges  are  installed  four  doubled 
transmitters.  Each  of  tte  doubled  transmitters  has  cne  common 
modulator.  H igh- f r eg ue r c j  cscillatacns  frcm  the  transmitters  Eer,-1, 
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Per2-1,  and  Per,-2,  Pera-i,  through  the  uniting  filters  OP,  and  0F2 
are  supplied  tc  the  hem  feed.  The  connection  cf  transmitters  and 
receivers  to  the  ccamcr  horn  is  realized  through  the  pclarizaticnal 
selector  P. 

If  at  this  transit  exchange  occurs  the  introduction  cf 
television  program,  then  picture  signals  and  sound  from  telecast 
station  come  input -ccaiutaticn  equipment  VKC,  and  then  the  equipment 
for  the  coincidence  cf  signals  cf  image  and  scund  SIP,  the  combined 
signals  are  suoDlied  tc  the  modulators  S- 1  anc  P*-1  the  ccrr espcnding 
doubled  transmitters,  which  work  at  two  different  freguencies. 

For  checking  of  the  transmitting  circuit  at  the  output  cf  each 
doubled  transmitter  are  ccntrcl  i-f  units  BK,  which  convert  output 
high-frequency  signal  intc  tie  signal  of  intermediate  frequency  for 
its  supply  to  the  control  demodulator  KD.  After  ccntrcl  demodulator 
picture  signals  are  supplied  tc  the  equipment  cf  measurement  and 
checking  VKO,  where  is  provided  television  monitoring  system, 
oscillograph  with  the  attacament  for  the  isolation  cf  the 
experimental  row,  whicl  lakes  it  possible  tc  produce  the  ccntinucus 
checking  cf  the  characteristics  cf  television  channel  without  the 
break  of  communication. 

For  the  tuning  works  ard  the  preventive  leasurements  cn  the 
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points  are  installed  the  acncsccpe  a,  the  sensor  cf  test  sigrals  DIS 
and  the  stand  cf  experiiental  con  IS.  Signals  from  this  equipment  car. 
be  supplied  into  different  points  cf  the  circuit  cf  image  [5.5]. 

On  the  side  of  reception  the  videosignal  car.  be  icnitcrea  with 
the  aid  of  the  televisicr  mcnitcrirq  system  ard  the  oscillograph  with 
the  attachaent  for  the  isolation  of  the  siqrals  cf  experimental  row. 
These  Measurements  can  he  conducted  at  different  points  of  circuit. 

For  tuning  cf  receivers  anc  conducting  cf  preventive 
measurements  are  provided  control  icdulatcrs  hr  and  acnitor  units  of 
high  frequency  KB,  which  ensure  the  supply  cf  high-frequency  pilct 
signals  tc  the  inputs  cf  receivers. 

In  the  telephone  shaft  the  signals  free  the  aultiplexinc 
equipment  come  to  the  i  t put-cc x a utati cn  stand  VKS,  and  then  the 
aatching  device  SU,  which  Batches  the  levels  cf  signals  and 
resistances  of  eguipaert  for  aultiplexinc,  official  channels,  levels 
cf  pilct  frequencies.  Total  sigral  enters  the  scdulatcr  (1  cf  the 

'i 

doubled  transmitter. 
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On  the  side  of  reception  after  addition  snd  de modulation  the  signals 
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enter  the  separating  equipment,  where  they  ate  branched  in  accordance 
with  their  purpose  and  enter  through  input-ccimutaticn  stand  the 
equipment  of  the  isolation  of  channels  or  terminal  BUltichanrel 
equipment,  and  also  the  eguipmect  cf  link  betveen  operators  SS  and 
■onitoring  channels  KK  . 

Since  transit  exchange  contains  a  large  quantity  of  the  acst 
iiverse  equipment,  distant  frca  each  ether  up  tc  the  considerable 
distance,  the  general  ccrtrcl  cf  ettire  station  is  realized  fro«  main 
panel  GP.  The  equipment  installed  cn  it  Bakes  it  possible  to  produce 
the  inclusion  and  different  ccaiutation  in  tfce  ti ah- frequency 
equipment  for  any  shaft  #VCh,  ard  also  different  seasurements, 
checking  and  com mutati cn  in  the  circuits  cf  television  KTL  and 
telephcny  KTF. 

The  block  diagrams  cf  the  corresponding  terainal  stations 
include  the  half  high-frequency  equipment  ard  all  elements  cf  ccntrcl 
and  accessory  equipment. 

The  first  of  the  given  block  aiagraas  wer  acceptance  for  the 
work  in  the  range  50C-1GCQ  MHz,  where  is  Best  effective  the  use  cf 
spatial  separation  of  signals,  and  the  third  -  at  the  acre  high 
freguencies  where  it  is  acre  expedient  tc  ccatine  frequency 
separation  with  the  arcular  diversity  cf  received  signals. 
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It  shou lii  be  noted  that  the  transaissi.cn  of  television  program 
is  possible  along  the  liras,  equipped  by  the  stations,  constructed 
according  to  the  first  tlccX  diagraif,  cf  course.  with  the  appropriate 
supplement  with  their  necessary  television  equipment. 


55.3.  Antennas  of  tropospheric  radio  relay  lines. 


On  the  tropospheric  radio  relay  lines  are  ccaacnly  used  the 
optical-type  antennas  with  tfca  reflector  in  tte  form  cf  the  part  cf 
the  surface  of  paraboloid  cf  revolution.  As  the  irradiator  cf 
parabolic  surface  car  he  utilized  the  weakly  directed  hern  antenna  or 
mirror  system  from  the  hern  antenna  and  the  supplementary  mirror  Fig. 
5.3  and  5.4.  sin gle-re f lector  artennas  with  the  hern  feed  are  created 
with  the  use  of  a  sy true t nca  1  reflector  (Fig.  5.3a),  possibly  alsc 
the  creation  cf  single-ref lectcr  antenna  with  the  asymmetric  relative 
to  focal  line  reflector  (Fig.  5.3b). 


The  principle  of  the  work  cf  dish  anter.nas  is  widely  knewn  [5.6' 
and  consists  in  the  fact  that  the  ewissicn  It  the  direction  of  the 
focal  axis  of  parabolcic  in  view  cf  the  gecsetric  properties  cf 
parabolic  surface  preves  to  ce  phased;  therefore  electromagnetic 


sn°rgy  is  concentrated  near  tne  focal  axis  cf  parabolic  surface.  The 
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degree  of  concentration  cf  electrc aagnet ic  energy,  i.e.,  the  width  of 
the  antenna  radiation  pattern,  is  determined  hy  linear  superficial 
dimensions  of  the  aperture  cf  artenna  relative  tc  wavelength. 

Page  155. 


In  the  two-mirrcr  parabolic  antennas,  tesides  fundamental 
parabolic  reflector,  is  installed  also  supplementary  hyperbolic  cr 
elliptical  mirror.  In  this  case  is  utilized  tie  known  geometric 
property  of  the  hypertclcid  fellipscid)  cf  rctaticn.  With  the 
coincidence  of  on*3  pcirt  of  th6  focus  of  hypertclcid  with  the  focus 
of  parabolic  reflectcr  arc  another  focal  pcirt  with  the  source  of 
spherical  wave  -  by  irradiatcr,  occurs  the  transfer itaticn  cf 
spherical  wave  with  the  canter  at  point  C*  (tig.  f. U)  into  the 
spherical  wave  with  the  center  at  pcint  C  and  this  twe-mirror  antenna 
system,  just  as  single-reflector,  provides  the  concentration  cf 
electromagnetic  energy  near  the  focal  axis  cf  system.  Twc-miircr 
antennas  [5.7]  have  a  rumbec  of  advantages  before  the 
single-re f lec tor  ones.  Calculations  show  that  with  identical 
superficial  dimensions  cf  aperture  the  factor  cf  amplification  of  the 
two-mirror  artenna  semewhat  higher  than  single-reflector  one. 
Furthermore,  the  directivity  pattern  of  two-«irrci  antenna  is 
characterized  by  the  substantially  smaller  side-lcbe  level  in  the 
space  after  the  surface  cf  paratciic  reflectcr,  which  increases  th° 

interference  shielding  ct  actenca. 
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Pig.  5.3.  The  single-reilactot  parabolic  antenna:  a)  with  syaxetrical 
reflector,  b)  with  the  asymmetric  reflector:  1  -  parabolic  reflector, 
2  -  horn  feed,  3  *  fecal  axis  of  antenna. 


Fig.  5.4.  Two-mirror  parabolic  antenna:  1  -  parabolic  reflector,  2  - 
horn  feed,  3  -  supplementary  airrex  (hyperboloid). 

Fage  157. 


THe  required  factor  of  amplification  and  antenna  matching  in 
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range  of  the  frequencies  cf  the  crder  10C0  Pfiz  can  te  provided  with 
the  use  of  any  of  the  ciegrais;  therefore  selection  is  conducted  from 
the  considerations  of  simplicity  of  design.  Ate  most  suitable 
single-reflector  antennas,  Widest  use  received  sirgle-ref lector 
antennas  with  the  symmetrical  reflector,  the  design  cf  the  reflectirg 
mirror  of  which  is  characterized  by  greatest  simplicity.  However, 
these  antennas  accordirg  to  electrical  and  performance  data  are 
somewhat  inferior  to  single-reflector  antennas  with  the  asynetric 
reflector.  Thus,  in  the  antennas  with  the  symetrical  reflector 
certain  part  of  the  electromagnetic  energy,  reflected  from  the 
surface  of  parabolic  reflactcr,  falls  tc  the  surface  cf  the  aperture 
cf  irradiator  and  in  the  fcrm  cf  the  electro tagre tic  wave  reflected 
is  propagated  in  the  feed  lane  cf  irradiator.  As  a  result  of  reacting 
the  mirrcr  to  the  irradiator  deteriorates  the  agreement,  which  causes 
the  appearance  cf  noises.  This  deficiency  tc  a  considerable  degree 
can  be  compensated  by  the  use  of  ferrite  gates  or  by  the  introduction 
cf  equivalent  components  of  tuning  to  the  feed  line  cf  irradiator, 
which  create  an  additicral  wave  reflected,  ectal  in  the  amplitude  and 
opposite  cn  the  phase  tc  the  wave  reflected,  caused  by  the  reaction 
cf  mirror. 

Anothar  deficiency  in  the  anter.na,  which  uses  a  symmetrical 
reflector,  is  the  fact  that  the  antenna  feeder  ard  design  of  the 


attachment  of  irradiator  is  located  in  the  field  of  the 
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electromagnetic  wave,  reflected  frca  the  parabolic  reflector,  and 
therefore  certain  part  cf  the  jneigy  is  scattered  during  these 
designs,  which  leads  tc  the  decrease  cf  the  artenna  gain.  A 
supplementary  deficiency  in  this  diagram  is  tie  need  for  the 
installation  of  irradiatcr  at  the  considerable  height  above  the 
ground,  which  hampers  operation  arc  tunirg  cf  artennas.  It  is  not 
difficult  to  see  that  tte  use  cf  at  asymmetric  part  cf  the  parabolic 
reflector  makes  it  possible  considerably  to  decrease  and  in  a  number 
of  cases  to  completely  reacve  the  reaction  cf  itirrcr.  Thus,  fcr 
instance,  in  the  antenna,  depicted  in  Pic.  5.2b,  the  reflected  frcm 
parabolic  reflector  electromagnetic  wave  passes  by  irradiatcr,  and 
the  reaction  of  mirrcr  virtually  is  absent.  curing  the  use  cf  this 
diagram  has  the  capability  tc  arrange  irradiatcr  in  immediate 
proximity  on  the  earth's  surface,  which  facilitates  the  operation  cf 
antenna.  Besides  the  noted  afccve  special  features  cf  antenna  with  the 
asymmetric  reflector,  essential  fcr  the  practice,  especially  during 
the  installation  of  anterna  in  the  snow  and  clare  ice  areas,  is  the 
fact  that  the  asymmetric  reflector  is  installed  inclined  relative  tc 
the  earth's  surface;  wbicb  fclccks  deposition  cn  the  surface  of  the 
reflector  of  snow  and  ice-ccvered  surface.  Ce  the  schematic  cf 
single-reflector  antenna  with  tte  symmetrical  parabclic  reflector  is 
carried  out  the  anterna  cf  tropospheric  radio  relay  ccamunic eting 
system  "White  Alisa",  realized  in  the  USA.  Operating  frequencies  cf 
this  system  -  order  10CC  MHz.  Surface  of  antecna  aperture  is  a  square 


DCC  =  80025109  F561  3^ 

(18x18  m)  with  the  blurt  angles.  Iiradiatcr  is  located  on  the  tower 
and  is  raised  above  the  grcurd  a p p rcximate 1 y  ty  15  at. 
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In  the  areas  of  the  extreme  north  for  some  cf  the  antennas  is  applied 
the  heating  of  the  reflecting  surface  by  hot  cil,  since  formation  cn 
the  surface  of  the  reflector  cf  the  layer  cf  ice  cr  snow 
substantially  makes  the  electrical  parameters  terse  cf  antenna. 

Fig.  5.5  shews  the  ganeral  view  of  the  artenna  with  the 
asymmetric  parabolic  reflector  (surface  area  cf  apertcre  -  2Cx20  m) , 
utilized  cn  the  Soviet  tropospheric  radic  relay  lines  in  the  range  cf 
the  frequencies  of  the  cider  10CC  t Hz.  It  consists  cf  paratclic 
reflector  and  horn  pyramidal  iiradiatcr  which  provides  the  emission 
cf  the  wave  of  twe  mutually  perpendicular  pclar  izatiens.  The 
geometric  parameters  cf  horn  feed  are  selected  frem  the  condition  cf 
obtaining  the  greatest  arterra  gait.  Per  this,  as  is  knewn,  the 
dimensions  of  horn  emitter  mest  te  such  that  the  width  cf  the 
radiation  pattern  of  irradiator  on  the  level  -  10  dE  would  be  equal 
approximately  tc  angular  superficial  dimension  cf  antenna  aperture 
In  practice  it  is  ret  the  possible  tc  satisfy  this  condition 
accurately,  since  the  radiation  patterns  of  pyramidal  horn  are 
different  in  different  planes.  Therefore  is  provided  the  approximate 
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fulfillaent  of  conditions,  in  this  case  the  width  of  the  radiation 
pattern  of  irradiator  ic  plane  £  is  obtained  scirewhat  saaller,  and 
the  width  of  radiation  pattern  in  plane  H  -  larger  angular  diaensicn 

29,., 

i 
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Pig.  5.5.  Antenna  of  six-ten-channel  tropospheric  ccamunicating 
system. 

Fage  159. 

It  is  alsc  known  that  the  assigned  width  of  the  directivity  pattern 
can  be  ensured,  utilizing  pyramidal  herns  cf  different  length.  The 
relationship  between  the  size  cf  the  aperture  cf  horn,  its  length  and 
length  of  transmitting  wave  determines  phase  distortions  in  the 
aperture  cf  horn  [5.6],  fcith  an  increase  in  the  phase  distortions  is 
required  larger  superficial  dimension  of  aperture  fer  obtaining  the 
required  width  radiaticc  patterc.  simultanec r s 1 y  with  an  increase  in 
the  phase  distortions  increases  the  side-1 che  level  cf  radiation 
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pattern  and,  therefore,  grew  electromagnetic  energy  losses  in  the 
iiincr  lobes.  Therefore  it  is  expedient  tc  apply  hern  feed  with  snail 
phase  distortions.  In  practice  cccd  results  are  obtained  with  the 
value  of  phase  distortions  ^t/4.  In  this  case  the  directivity 
patterns  cf  horn  antennae  virtually  coincide  kith  the  radiaticn 
patterns  of  coohasal  surface  anterras  with  the  appropriate  geometric 
dimensions  and  the  amplitude  distributions  and  energy  losses  in  the 
■incr  lobes  of  radiaticn  pattern  are  liniaua. 

A  general  view  cf  hern  antenna  feeder  is  shewn  in  Fig.  5.6.  Hern 
feed  is  fulfilled  by  airtight.  Fcr  this  herr  from  the  side  cf 
aperture  it  is  capped  frea  the  fcan  plastic.  The  elimination  cf  the 
effect  of  cover  cn  aatening  cf  horn  emission  is  achieved  by  its 
inclination  relative  tc  the  axis  cr  hern.  The  angle  cf  inclination  is 
selected  by  such,  that  the  cover  is  installed  perpendicularly  to  the 
earth*s  surface  and  the  formation  cf  the  layer  cf  srew  and  ice  is 
eliminated. 


The  adjustment  cf  antenna  system  is  realized  by  aovement  of  hern 


Fig.  5.6.  The  general  view  c f  hern  feed. 
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For  guaranteeing  the  tropospheric  radic  ccamunication  ir  the 
range  of  several  thousand  segabertz  are  necessary  antennas  with  the 
very  high  amplification  factor.  In  practice  cn  these  lines  are 
utilized  antennas  with  the  surface  of  aperture  1CC-200  as  a 

result  of  which  the  antenna  radiation  pattern  considerably  beccmes 
narrow,  with  an  increase  in  the  operating  frequency  increases  the 
required  accuracy  cf  the  fulfillment  of  the  surface  of  the  reflecting 
airror  and,  consequently ,  also  the  required  rigidity  cf  the  eetallic 
fraaeworks  of  the  reflecting  airrci,  their  weight  ard  cost.  Therefore 
at  the  aore  high  frequencies  it  is  preferable  tc  utilize  structurally 
a  simpler  symmetrical  parabolic  reflector.  Ir  this  case  the  artenna 
feeder  aust  be  rigidly  connected  wjth  the  surface  of  mirror,  since  in 
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this  cas°  during  the  strain  cf  the  surface  cf  reflector  due  tc  the 
wind  and  glare  ice  leads  the  gesitaen  cf  irradiator  relative  to  the 
surface  cf  airror  will  change  irsignif icantl y  and  the  distortion  of 
radiation  pattern  will  he  less  than  in  the  case  cf  the  lccaticc  cf 
irradiator  on  the  separate  support,  as  shewn  in  Pig.  5.5.  At  these 
frequencies  becomes  possiole  angular  separation;  therefore  antennas 
aust  be  designed  sc  that  they  wculd  work  si aultaneously  according  tc 
several  radiation  patterrs,  furred  relative  tc  each  ether  tc  certain 
angle.  The  problem  of  developing  several  radiation  patterns  in  one 
airror  parabolic  antenna  can  fce  solved  by  the  aethod  cf  arrarcement 
near  the  point  of  the  fccus  cf  several  irradiators  Fiq.  5.7. 

In  this  case  during  the  supply  tc  the  irradiaters  cf 
electromagnetic  energy  freo  the  separate  tra rsaitters  cr  the 
connections  to  then  cf  receivers,  antenna  radiation  pattern  fer  each 
cf  the  transmitters  (receivers)  will  prove  tc  be  turned  relative  tc 
each  other  in  the  space  to  the  angle,  determined  fcy  geometric 
parameters  the  antennas  and  value  the  ancle  cf  rctaticn  cf  irradiatcr 
relative  to  fecal  lire.  This  diagram  can  be  realized  beth  in  the 
single-reflector  ones  arc  in  the  aultiref lectcr  parabolic  antennas. 
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Fig.  5.7.  Single-ref  lector  (a)  and  two-mirrcr  (fc)  antennas  of  the 
angular  diverse  receptict. 

Key:  (1).  the  point  cf  fccus. 
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The  second  possible  method  of  the  realization  cf  angular 
separation  in  ore  anterna  is  the  use  cf  an  artenna  system  of  several 
emitters  of  smaller  si2€  anc  co rrespondi rg  system  of  the  distribution 
cf  electrcmagnetic  energy  between  these  emitters  [5.6].  Per  ettainirg 
assigned  gain  factcr  cf  this  systei  it  is  necessary  that  the  total 
surface  area  cf  the  aperture  cf  all  emitters  vculd  be  approximately 
equal  to  the  surface  area  of  antenna  aperture  cf  larger  size.  The  use 
cf  this  system  can  give  certain  economic  effect,  since  the  cest  cf 
several  mirrors  of  the  sialler  size  lewer  than  ccst  of  one  large 
mirror  in  the  different  areas  of  aperture. 
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Let  us  examine  based  cn  tne  example  of  the  antenna,  which 
consists  of  two  emitters,  the  diagram  of  feed  (Fig.  5.8)  cf  which 
ensures  angular  separation.  As  can  be  seen  frca  figure,  antenna 
feeders  are  connected  up  the  lateral  arms  of  dual  waveguide  tee,  in 
this  case  the  lengths  cf  ccrrectirg  lines  1  acd  2  are  distinguished 
to  the  value,  equal  to  quarter  wavelength  in  the  waveguide.  The 
connection  of  equipment  is  realized  to  arms  E  and  H.  Electrosagnetic 
energy  from  arm  F  is  divided  intc  the  equal  parts  between  the  lateral 
arms  of  dual  waveguide  tee,  icrecser  electro xegretic  energy  in  the 
lateral  arms  proves  to  te  in  the  artiphase.  Electromagnetic  energy 
frcm  arm  a  is  divided  equally  between  the  lateral  arms,  phase  shift 
in  this  case  is  °qual  tc  zetc. 

talcing  into  acccurt  tnat  tte  lengths  cf  connecting  lines  are 
distinguished  to  quarter  wavelength  in  the  waveguide,  which  gives  the 
supplementary  phase  shift,  the  equal  to  ninety  degrees  i\j;  =  90o.  we 
obtain,  that  with  the  feed  cf  exitter  systex  frcm  the  side  cf  arm  E 
electromagnetic  field  ir  irradiator  1  advances  in  ohase  the 
electromagnetic  field  ir  emitter  2  by  90°.  Sith  the  feed  frcx  the 
side  of  arm  H  the  field  in  irradiator  1  lags  cn  the  phase  cn  90° 
behind  the  field  in  irradiatcr  2.  In  this  case  it  proves  to  te  that 
with  the  feed  from  the  side  cf  an  E  the  radiation  pattern  is 

deflected  to  the  side  cf  emitter  1. 


Fig.  5.3.  Schematic  cf  tie  fee d  cf  antenna  system  of  twc  emitters  for 


the  angular  diverse  reception. 

Key:  (1).  lateral  arms.  (2).  arm.  (3).  dual  waveguide  tee.  (4).  phase 
inverter. 
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The  value  of  the  angle  cf  rotation  of  radiaticn  pattern  deperds  cn 
the  distance  between  tie  emitters  and,  as  shew  the  results  of 
calculation,  with  the  ctilized  in  practice  sizes  of  antennas  the 
described  diagram  makes  it  possible  tc  carry  cut  rotation  to  the 
necessary  angle.  The  deficiency  in  this  system  is  the  increased 
side-lobe  level  cf  radiaticn  pattern.  In  view  cf  the  knevn  property 
cf  dual  waveguide  fee  the  interccnnecticr  between  arms  E  and  H  is 
absent,  if  tee  is  matched  frem  the  side  cf  lateral  arms.  A  similar 
system  can  be  created,  also,  for  a  larger  quantity  cf  antennas.  Fig. 
5.9  shews  the  power-supply  system  cf  the  antenna,  which  consists  cf 
four  emitters  and  realizing  four  partial  radiaticn  patterns. 
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Fig  5.9.  Schematic  of  artecaa  feed  cf  feer  emitters  fer  the  angular 
diverse  reception. 

§5. U.  Feed  lines  of  antennas. 

Por  the  connection  c£  antenna  feeder  with  the  high-frequency 
equipment  for  message  center  are  applied  coaxial  and  waveguide  feed 
lines.  The  use  of  lines  cf  greurd  uve  is  impossible,  since  they  are 
subjected  to  the  action  cf  atmospheric  conditions. 

Hide  acceptance  on  the  radio  relay  lines  received  the  waveguides 
which  provide  the  transfer  cf  electromagnetic  energy  with  the 
smallest  losses,  possess  high  dielectric  strerqth,  they  are  reliable, 
they  are  applied,  in  particular,  rectanaular  waveguides  excited  on 
fundamental  type  wave  Hlfl,  they  possess  the  siallest  cecaetrlc 


dimensions  and  the  smallest  cost 
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Per  the  propagation  in  rectangular  waveguide  cf  wave  a,0  the 
size  of  the  wide  wall  cl  waveguide  a  bus  t  be  equal  tc: 

a  '>  —  , 

where  X  -  maximum  wavelength. 

The  size  of  the  narrow  wall  b  is  usually  selected  equal  to: 
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Pig.  5.10  gives  curves,  which  make  it  possible  tc  deteriine  the 
attenuation  in  a  rectargular  waveguide  by  teres.  Waveguide  lines  are 
comprised  from  the  separate  segaents  with  a  length  cf  h-5  a  at  ends 
of  which  flanged,  which  ensure  the  reliatle  ccntact  between  tbe 
coafcinable  cuts;  withir  waveguide  flanged  cccrection  for  airtightness 
is  installed  rubber  packing.  The  produced  by  industry  waveguide  tubes 
are  allowed  radio  relay  lines.  In  the  range  cf  the  frequencies  on  the 
order  of  1000  !1flz,  besides  waveguide  feed  lires,  possibly  alsc  the 
use  of  coaxial  lines.  At  the  aore  high  frequencies  due  tc  an  increase 
in  the  attenuation  the  usa  cf  ccaxial  line  is  inexpedient.  Tbe 
maximum  sizes  of  coaxial  line  are  determined  by  the  ccnditicc  cf  the 
absence  in  the  line  cf  the  waves  of  highest  types  [5.6] 
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radii  cf  the  internal  and  external  conductors  of 


In  practice  find  use  flexitle  and  rigic  ccaxial  lines. 
Structurally  rigid  ccaxial  line  is  fulfilled  cf  two  ccocer  or  brass 
tubes  one  of  which  pecfcias  the  rcle  of  extercal  conductor,  the 
second  -  internal  conductor  cf  line. 
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Fig.  5.10.  Attenuation  it  the  ccpper  waveguide  cf 
section:  £  -  attenuation  in  the  decibels,  a  and  t 
centiaeters. 


the  rectangular 
-  in  the 
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Available  experinental  and  calculated,  data  shew  that  the  rigid 
coaxial  lines  can  he  used  in  the  receivirg  ard  transaittirg  feed 
lines,  since  during  the  appropriate  selection  of  the  sizes  of  cross 
section  the  energy  losses  in  the  line  by  length  50-100  a  dc  ret 
exceed  1-2  dB,  but  throughput  can  reach  the  value  of  10  ki.  Bigid 
coaxial  lines  require  fer  the  production  considerably  less  ccpper 
than  waveguide;  hewever,  differ  frea  waveguide  lines  in  teras  cf  the 
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large  complexity  cf  design  and  in  terms  cf  larger  nsagnitade  cf  losses 
rower. 

Is  possible  also  tie  use  cl  cable  lines.  Throughput  in  them  at 
frequency  f—  1000  SH2  reaches  7.5  kW. 

For  exciting  horn  feed  simultaneously  ty  the  electrcmagretic 
waves  of  two  independent  cci »unication  channels,  cne  cf  which  is 
utilized  fcr  transmission  cf  signals  cf  comiroricaticn,  and  other  - 
for  the  reception  of  information,  serve  polar  izaticral  selectors. 

The  polarization  selector  consists  cf  the  cut  cf  the  waveguide, 
in  which  are  created  the  waves  cf  two  pclari2aticns,  and  the 
equipment,  which  ensures  the  excitation  cf  these  waves  in  the 
wavequide.  Polar izaticna  1  spectra  differ  in  term  cf  the  cross  section 
cf  waveguide  and  in  the  irethed  cf  excitirg  the  waves  in  the 
waveguide.  The  electromagnetic  waves  of  two  mutually  perpendicular 
polarizations  can  be  excited  in  the  cut  cf  the  waveguide  cf 
rectanqular,  square,  round  cr  elliptical  cress  section.  Th® 
excitation  of  electrcmagretic  waves  can  he  realized  with  the  aid  cf 
the  coaxial  cr  waveguide  feed  lire. 

In  fig  5.11  is  shewn  the  diagram  of  the  pelarizaticnal  sector 
with  a  square  cross  section  excited  by  ccaxial  lines. 


I 


J 
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Fig  5.11.  Diagram  of  the  pclar izat icnal  selector*  excited  by  coaxial 
lines. 

Key:  (1).  Vibrators.  (2).  Adjustment  screws.  (3)  To  emitter. 

Page  165. 

These  a  diagram  it  is  expedient  to  utilize  with  the  work  in  the  range 
cf  the  decimeter  waves  when  electromagnetic  erergy  is  supplied  to  the 
antenna  by  coaxial  lines.  The  external  ccnductor  cf  coaxial  line  is 
connected  with  the  waveguide,  and  internal  ccrductor  passes  in  the 
waveguide  into  the  vibrator,  in  crcer  tc  enscre  the  transfer  cf 
electromagnetic  energy  in  tfce  waveguide  in  the  direction  tc  the  horn 
feed,  in  the  polarizat  icnal  selector  near  the  vibrator  is  installed 
the  shorting  device,  mace  in  the  form  cf  grating  from  the  wires.  The 
site  cf  installation  of  shertinc  device  and  length  cf  vibratcr 
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determine  the  agreement  cf  p c lar iaaticna 1  selector  with  the  coaxial 
line.  The  second  part  cf  the  polar izaticnal  selector  is  made 
analogously.  Difference  consists  cf  that,  tber  coaxial  line  and 
vibrator  of  the  second  part  cf  the  polar izaticnal  selector  are 
installed  perpendicular  tc  ccaxial  line  and  vibrator  of  the  first 
part  of  the  selector.  Furthermore,  in  this  case  the  short-circuiter 
is  carried  out  in  the  fcra  cf  metallic  plate.  In  view  cf  the  fact 
that  the  vibrators  of  pc lar izaticnal  selector  are  mutually 
perpendicular,  and  the  wires  cf  pclarizational  grating  are 
perpendicular  to  the  vector  of  the  strength  cf  the  field  of  the  wave, 
excited  by  the  second  part  of  the  selector,  the  elements  of  the 
constructicn  of  the  first  part  cf  the  selector  virtually  dc  ret 
influence  its  agreement  for  wave  G,,.  Agreeiett  for  wave  Et  also  is 
net  connected  with  the  sizes  cf  the  second  part  of  the  selector, 
since  for  this  wave  the  polarization  grid  is  shotting  device  and 
blocks  the  propagation  cf  wave  e,  in  the  second  part  cf  the  selector. 
Cue  tc  the  perpendicularity  cf  the  vibrators  cf  selector  the 
connection  between  the  ccaxial  lines  I  and  II  in  the  selector  is  very 
small.  The  dimensions  cf  transverse  cross  section  of  the  waveguide  cf 
selector  are  selected  ty  such  that  there  are  nc  conditions  of 
exciting  the  waves  of  the  highest  types.  Fcr  the  waveguide  whose 
cross  section  is  close  tc  the  square,  by  seccrd  type  wave  is  an 
electromagnetic  wave  of  the  type  Hu;  therefore  this  condition  takes 
following  fora  [5.6]: 
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X  =.  2ai>  I*  (5.2) 

**H"  =  v  a‘4-  4*  ) 

where  ?.pas  -  working  wavelength, 

\p  critical  wavelength  cr  fundamental  type, 

\c»/v,.  -  critical  wavelength  fcr  wave  H,,. 

The  agreement  of  the  cut  of  rectangular  waveguide  with  the 
coaxial  lines  I  and  II  is  realised  ty  selection  of  the  length  of 
vibrators  in  the  waveguide  and  ty  selection  cf  distance  from  the 
vibrator  to  the  short-circuiting  grating  or  the  plate.  In  view  of  the 
fact  that  the  design  cf  the  »cving  in  the  cress  section  cf  waveguide 
polarizational  grating  cr  plate  is  very  complicated  and  does  net 
provide  reliable  contact  with  the  waveguide,  it  is  expedient  tc 
realize  tuning  polarizational  selector  with  the  motionless  plate  or 
the  grating. 

Page  166. 


The  action,  equivalent  tc  the  movement  of  sberting  device  in  the 
seal!  limits,  exerts  the  capacitive  screw,  located  in  the  same  plane 
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as  vibrator.  Therefore  in  practice  tuning  pclarizaticnal  selector  can 
be  realized  fey  selection  cf  the  length  cf  vitratcr  and  submersion 
depth  of  tuning  sere*. 

In  practice  can  be  enccuntered  the  cases,  when  the  polarization 
selector,  which  works  in  the  decimeter  range,  it  is  necessary  to 
connect  directly  with  the  waveguide  line.  This  can  be  necessary,  for 
example,  during  the  use  cf  transmitters  cf  this  pewer,  which  cannot 
be  transmitted  alcng  the  coaxial  line.  It  this  case  the  receiving 
part  of  the  polarizaticnal  selactcr  is  made  by  the  connection  cf 
waveguide  with  the  coaxial  line,  as  it  was  described  ateve;  the 
equipment  cf  the  transmitting  part  of  the  selector  cf  such  type  is 
clear  from  Pig.  5.12.  The  diaensicis  cf  the  cross  section  of  a 
waveguide  cf  such  type  are  determined  by  the  giver  abeve  condition  is 
realized  in  the  waveguide  cf  the  waves  of  the  highest  types.  Tuning 
cf  the  polarization  selectcr  frea  the  side  cf  coaxial  line  is 
realized  in  the  manner  that  it  is  described  above. 

Tuning  from  the  sice  cf  waveguide  line  is  conducted  by  tuning 
screws,  knebs  and  other  tuning  eleients  placed  in  rectangular 
waveguide,  and  also  by  the  selection  c€  the  pcsition  cf  shertinq 
device. 


A  deficiency  in  the  systems  described  ateve  of  the  polarized 
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selectors  is  the  narrow  band  of  the  passed  frequencies,  which  is 
caused  by  small  dimersicrs  cf  the  cross  section  of  vaweguide.  For  ar 
increase  in  the  passtanc  should  he  increased  the  dimensions  cf  cross 
section  and  simultaneously  csed  such  diagrams,  which  would  exclude 
the  possibility  cf  existence  in  the  ccmmcn  waveguide  cf  the 
oscillations  of  types  E, ,  and  Elt. 
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Fig.  5.12.  Diagram  of  the  pclac izationa 1  selector,  excited  by  two 
waveguide  lines. 

Page  167, 

Fig.  5.13  shows  the  lines  cf  force  of  electrical  and  magnetic  (dctted 
line)  fields  in  the  waveguide  fcr  the  wave  cf  the  type  Hlt  and  E,t 
and  the  strength  of  field  E0,  which  excites  this  waveguide  with  the 
connection  of  rectangular  waveguide  [5.6]. 

of  the  exciting  field  E0  at  the  symaetrical  points  identical 
with  respect  to  the  value  and  direction,  and  during  the  excitation  of 
polarizat iona  1  selector  waveguide  and  with  the  sufficient  precise 
fulfillment  of  the  waveguide  cf  polariza ticna  1  selector  waves  Ejt  and 
H t |  be  excited  will  net  he  and  the  dimensions  cf  the  cress  secticn  cf 
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the  waveguide  of  sel«ctcr  can  te  selected  large.  The  ccnditicr.  cf  the 
absence  of  the  eaves  cf  the  highest  types  in  this  case  hill  take 
following  fora  [5.6]: 


^  ^  '■ *}H,t  ] 

1  ..  -  3a> 

y  ,2i)i  __  ^ 

where  /•»*.-.-  working  wavelength, 

'Vp  h„  •  \p  n„  -  critical  wavelengths  for  fundamental  type  waves  Hl0  and 


The  special  feature  of  the  f Clarita ticna  1  selector,  excited  by 
rectangular  waveguides,  ace  the  cccsiderable  dimensions  of  opening  in 
the  ccmracn  waveguide,  whicn  influences  the  agreement  cf  selector. 

Pig.  5.14  shows  the  structure  of  the  currents  cr  the  wall  of  the 
waveguide  cf  selector,  excited  by  rectangular  waveguide  2.  Opening  in 
the  ccmracn  waveguide  tc  waich  is  connected  rectangular  waveguide  1, 
it  breaks  currents  atd  therefore  is  exerted  a  substantial  influence 
cn  the  agreement  of  selector  fee*  the  side  cf  waveguide  2. 
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Pig.  5.13.  Structure  of  electromagnetic  field  in  the  cress  section  cf 
square  waveguide. 

Page  163. 

The  effect  of  opening  car  te  reduced,  if  we  it  it  place  certain 
quantity  cf  stubs  in  the  Banner  that  this  is  shewn  in  Fig.  5.14, 
which  relieve  gap  for  the  longitudinal  currents.  The  effect  of  these 
stubs  on  the  agreement  in  waveguide  1  will  te  s«all,  since  stubs  are 
perpendicular  to  the  vector  cf  electric  intsrsity  in  this  waveguide. 
The  best  results  can  be  obtained,  if  we  instead  cf  the  stubs  place 
into  waveguide  1  cf  plate,  as  skewr  in  Fig.  5.12,  whose  length  is 
equal  to  the  half  wavelength  in  the  waveguide.  Such  plates,  virtually 
without  influencing  agreeaent  in  waveguide  1,  fera  four-wave  extended 
waveguides  whose  input  resistance  is  close  tc  zerc.  This  systea  cf 
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plates  apparently,  closes  alsc  tracsverse  currents. 

The  systens  described  abcve  cf  pcla riza t iora 1  selectors  with  the 
excitation  of  common  waveguide  by  coaxial  lires  are  applied  in  the 
range  of  the  frequencies  cf  the  cider  10C0  flH2.  At  these  frequencies 
can  be  used  also  the  selectors,  excited  ty  rectangular  waveguides.  At 
the  more  high  frequencies  should  te  applied  tie  diagraas,  which  are 
fcased  on  the  excitation  cf  selector  by  rectangular  waveguides. 
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ftq  5  .14.  Currents  on  the  nails  cf  the  waveguide  cf  polarizational 
selector,  excited  by  rectangular  waveguide. 

Key:  (1).  Rectangular  vavegtjide. 

€5.5.  Filters  and  ferrite  valve  devices. 

During  the  quadrupled  reception  and  the  use  of  a  frequency 
separation  is  necessary  the  tse  cf  separaticn  filters,  which  nake  it 
possible  to  conduct  the  reception  cf  signals  cf  two  different 
frequencies  on  one  antenna.  The  filter,  intended  for  the  separaticn 
cf  the  siqnals  of  tvc  frequencies,  taken  by  ere  antenna,  can  be 
carried  out  on  the  parallel  diagtai,  given  in  Fig.  5.15. 


Page  169. 
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Separation  filter  consists  cf  splitter  and  tacd-passs  filter,  tuned 
to  frequencies  and  t2  l. 

fCCTNOTH  l.  Is  possible  the  cc cstr ccticn  of  separation  filter  with 
the  use  cf  band  rejection  filters,  which  reflect  the  siqnals  cf 
frequency,  on  which  the  tand  rejection  filter  is  inclined. 
ENDPGCTNCTE. 

The  separation  of  siqnals  in  the  filter  is  realized  as  follows.  The 
signal  of  frequency  fj  ty  bandpass  filter  1  without  the  reflection, 
and  without  the  essential  losses  it  arrives  at  the  input  cf  receiver 
Pt.  Per  frequency  f2  this  filter  is  short  circuit  and  signal  cf  this 
frequency  it  does  not  fall  to  the  input  cf  receiver.  Analogously 
cccurs  the  isolation  cf  the  signal  of  frequeccy  f2.  In  view  cf  the 
fact  that  band-pass  filter  2  at  frequency  f,  is  short  circuit,  with 
the  distance  from  the  branch  point  to  the  ccnrection  point  cf 
tand-pass  filter,  equal  tc  quarter  wavelength  x2/4,  we  obtain,  that 
the  art  of  1  filters  is  infinitely  large  resistance  for  frequency  fz 
and  dees  not  influence  the  agreement  of  separation  filter  at 
frequency  f2.  Certain  deterioration  in  the  agreement  due  to  the 
reflection  of  electromagnetic  energy  by  branching  off  is  compensated 
ty  the  use  of  equivalent  components  of  tuning.  Analogously  is 
provided  the  agreement  cf  separation  filter  at  frequency  f,. 
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The  described  diagram  can  te  realized  fci  the  separation  at  the 
reception  of  two  frequencies  ct  communication.  In  practice,  tcwever, 
can  be  encountered  the  cases  when  for  an  increase  in  the  capacity  of 
radio  relay  line  is  applied  tracsaissicn  alcng  the  line  of  several 
shafts  at  different,  frequencies.  In  this  case  appears  the  need  for 
the  use  of  separaticr  filter  for  separation  cf  fcur,  six  cr  mere 
number  of  frequencies  cf  communication.  The  use  of  the  system 
described  above  of  the  parallel  separation  cf  frequencies  meets  with 
considerable  difficulties  due  tc  the  complexity  cf  aqreeinq  the 
filter.  Actually,  with  the  connection  to  the  filter  Piq.  5.15  in 
third  band-oass  filter  rcr  the  frequency  discii miration  f3  we  obtain, 
that  at  this  frequency  the  distances  X t / U  and  x2/«  differ  frex  the 
wave  Xj/4  and  therefore  the  arms  of  the  first  and  second  filters  at 
this  frequency  are  seme  reactance,  which  influence  agreement, 
^brtheracre,  branching  fer  the  frequency  discrimination  f3  at 
frequencies  ft  and  f2  will  te  certain  reactance  and  have  an  effect  cn 
the  agreement  cf  equipment  also  at  frequencies  ft  and  f2.  Tuning  a 
filter  of  this  type  for  a  large  number  of  frequencies  is  very  complex 
pro  tl en. 


Fig.  5.15.  Schematic  cf  parallel  separation  filter,  intended  for  the 
separation  of  the  signals  cf  twe  frequencies  cf  communication. 
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Page  170. 

In  this  case  should  be  applied  series  circuit  cf  the  frequency 
separation  of  the  signals  Fig.  5. 16.  A  difference  in  this  diagram 
lies  in  the  fact  that  by  filter  section  is  isolated  the  signal  of  cne 
frequency  flt  the  signals  cf  retaining  frequencies  pass  without  the 
distortions;  then  is  isolated  signal  f2,  etc.  This  diagram  is  based 
on  the  use  of  dual  waveguide  ones  at  is  branch  cr  three-decifcel 
directional  couplers  [5.S].  The  principle  of  the  work  of  separation 
filter  is  identical  during  the  use  of  a  dual  waveguide  tee  and 
three-decibel  directional  coupler.  Below  given  the  description  of  the 
work  of  consecutive  separatacn  filter  with  the  use  cf  dual  waveguide 
ones  it  is  branch. 

From  Fig.  5.16a  it  is  evident  that  the  cell  contains  twc  dual 
waveguide  tees  (VT)  and  twc  tand  cr  band  rejection  filters,  tuned  tc 
frequency  ft.  To  the  input  cf  filter  (Fig.  5  - 1 6 1 )  into  arm  E  cf  the 
dual  waveguide  tee  VT t  enter  the  signals  of  several  frequencies  f,, 
f*,  ....  In  the  tee  tne  electromagnetic  wave  is  divided  into  the 

but  opposite  on  the  phase  waves  between  the 


equal  by  amplitude, 
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lateral  arms  of  tee.  Saves,  passing  through  the  tand  cr  band 
rejection  filters,  tuned  to  frequency  ft,  are  divided  in  the 
frequency.  Band  rejection  filters  reflect  the  signals  cf  frequency  f, 
and  pass  entire  remaining  frequency  spectrum,  tand-passs  filter  pass 
the  signal  of  frequency  ft  and  reflect  the  3icnals  cf  other 
frequencies  of  the  com sucicatic r .  Due  to  a  difference  in  the 
distances  from  branch  pcint  tc  the  connecticn  pcints  cf  filters, 
equal  to  quarter  wavelen gths ,  reflected  ty  filters  the  signals  cf  the 
lateral  arms  come  the  waveguide  tee  in  the  phase  and  pass  therefore 
into  arm  H  of  tee  1.  The  signals,  which  passed  band  cr  band  rejection 
filters,  enter  arm  E  of  tee  2.  The  described  diagram  provides  the 
separation  of  a  large  number  cf  shafts  cf  ecu unicaticn. 

The  important  element  of  separation  filters,  which  work  on  the 
parallel  and  on  th*3  the  consecutive  circuits,  are  band  and  band 
rejection  filters.  The  simplest  type  cf  band-pass  filter  is  branching 
from  the  waveguide  or  ccaxial  line  with  the  short-circuiting  pisten 
(Pig.  5.17a). 
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Fig.  5.16.  Schematic  of  separation  filter,  mace  on  series  circuit. 

Key:  (1).  side  is  arm. 

Page  171. 

With  the  equivalent  distance  fee*  the  branch  point  to  the 
short-circuiting  pistor,  equal  tc  quarter  wavelength,  the  input 
resistance  of  cell  is  very  great  and  electromagnetic  waves  pass  alcn 
the  fundamental  line  without  the  reflection,  it  ether  frequencies 
this  branching  off  is  the  reactance,  which  reflects  electromagnetic 
wave.  Par  obtaining  the  raguired  frequency  selectivity  are  applied 
several  such  elements  connected  in  series,  is  the  element  of 
band-pass  filter  can  be  used  the  cut  of  waveguide  or  coaxial  line 
with  the  inductive  heterogeneities  on  the  leads  (Fig.  5.17k).  During 
the  appropriate  selecticr  of  the  length  cf  the  cut  cf  line  acd 
construction  of  heterogeneities  the  equivalent  length  of  cut  can  be 
made  to  the  equal  half  wavelength  in  the  waveguide.  This  cut  cf 
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waveguide  (coaxial)  is  equivalent  to  parallel  resonant  circuit,  tuned 
to  frequency  ft.  Possibly  also  series  connection  of  such  several 
elements;  in  this  case  the  best  results  can  be  obtained  in  the  filter 
with  the  quarter-wave  ccsmunicaticns.  Piq.  5.17c  shews  cne  cf  the 
versions  of  the  construction  of  the  cell  of  band  rejection  filter 
[5.9].  This  filter  is  equivalent  tc  consecutive  resonant  circuit 
whose  input  resistance  at  the  frequency  cf  resonance  is  close  to 
2ero.  Filter  reflects  electrcaaQEetic  waves  ic  the  frequency  cf 
resonance  and  passes  the  waves  cf  ether  frequencies. 

Besides  separation  filters,  cn  the  tropospheric  radio  relay 
lines  are  applied  also  the  filters  cf  harmonics  [5.9],  is  pcssible 
the  use  of  two  types  of  the  filters  of  harmonics. 

Pirst  type  filters  are  fullilled  thus.  Electromagnetic  energy  cf 
fundamental  frequency  bj  accepter  ciruit,  and  energy  of  harmonics  is 
reflected  to  the  transmitter.  Filters  of  this  type  can  consist  of  the 
series  of  resonance  eleaents  (lccps)  by  length  x„/4,  where  \0  -  a 
wavelength  of  transmitter. 
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Fig.  5.17.  Band  and  band  rejection  filters:  1  -  short-circuiting 
piston. 

Page  172. 

At  frequencies  of  even  harmonics  the  length  cf  such  lcops  will 
compose  the  whole  number  cf  half-waves,  and  lccp  resistance  will  be 
very  little;  therefore  fee  these  frequencies  the  feed  line  will  prove 
to  be  short-circuited.  At  the  fundamental  frequency  input  lccp 
resistance  is  very  great  and  the  agreement  cf  feed  line  virtually 
does  not  change.  This  filter  is  siiple  device;  however,  it  possesses 
that  deficiency  which  suppresses  the  emission  cf  transmitter  cnly  cn 
the  even  harmonics,  the  cdd  haracnics  and  other  spuricus  radiations 
they  pass  through  the  filter  without  difficulty. 
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From  the  deficiency  indicated  are  free  the  aperiodic  filters, 
which  are  high-pass  filters,  ail  reflecting  spurious  radiaticcs, 
which  are  found  in  the  range  cf  frequencies,  situated  it  is  higher 
than  the  operating  frequencies  cf  the  equipiert  fcr  tropospheric 
radio  relay  lines.  In  Fig.  5.18a  and  b  they  are  shown  general  view  to 
the  construction  of  internal  rod  of  one  cf  the  versions  cf  the 
high-pass  filters  of  the  tracssitter  100C  MHz  [5.5]. 

Overall  deficiency  for  first  type  filters  is  the  fact  that 
electronagnetic  energy  cf  tte  spurious  radiations  cf  transaitter  it 
is  reflected  by  filter  tc  the  transaitter  it  has  an  effect  on  the 
node  of  its  operation.  This  deficiency  is  absent  in  second  type 
filters,  which  are  fulfilled  in  such  a  way  that  energy  cf  haraonics 
does  net  fall  to  the  input  cf  transaitter,  hut  it  is  absorbed  by 


filter  itself 
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Fig.  5.18.  The  general  view  of  the  aperiodic  filter  of  harmonics  (a) 
and  internal  red  (b)  :  1  -  the  icclined  sectiers,  2  -  rods. 

Page  173. 

Filters  of  this  type  can  utilize  an  effect  cf  resonance  energy 
absorption  in  the  ferrite,  placed  within  the  cut  of  feed  line.  Can  te 
designed  the  filters  in  which  the  energy  of  parasites  is  reflected  ty 
resonance  elements  and  is  atscrfced  in  the  special  leads.  Fig.  5.19 
gives  the  general  view  cf  waveguide  filter  with  the  afcscrpticn  of  the 
power  of  harmonics.  Filter  is  the  cut  of  the  waveguide  cf  the 
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rectangular  cross  section,  in  wide  wall  cf  which  is  gashed  the  series 
cf  slcts.  Each  slot  is  the  open  end  of  the  waveguide  cf  the  reduced 
section,  partially  filled  by  attenuating  material.  The  dimensions  cf 
slot  and  cross  section  cf  supple aentary  waveguides  are  selected  in 
such  a  way  that  they  would  te  less  than  the  critical  diaensicrs  in 
the  limits  of  the  service  band  cf  freguercies  and  it  is  mere  than 
critical  for  the  harnoric  frequencies.  Therefore,  the  energy  of 
fundaaental  frequencies  passes  cn  the  waveguide  without  difficulty, 
without  being  shunted  ictc  the  e up plesentarj  waveguides  and  without 
experiencing  noticeable  ahsccpticn.  Energy  cf  harmonics,  being 
propagated  along  the  waveguide,  is  shunted  intc  the  supplemertar y 
waveguides  where  it  is  atseched  in  the  lead. 

At  present  ferrite  devices  are  applied  very  widely  in  the 
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Fig.  5.19.  Saveguide  filter  with  the  abscrpticn  of  the  power  cf  the 
harmonics:  1  -  fundamental  waveguide,  2  -  the  absorbing  load,  3  - 
supplementary  waveguides. 

Page  174. 

In  the  antenna-wa veg uide  circuits  IRL  are  utilized  ferrite  gates 
[5.10],  which  possess  lew  icsses  fer  the  electromagnetic  wave,  which 
is  propagated  in  the  forward  direction,  and  by  large  losses  for  the 
wave  reflected.  The  use  cf  such  gates  makes  it  possible  to  obtain  the 
high  agreement  of  transmitter  with  the  antenna-waveguide  circuit,  tc 
exclude  interferences  between  telephone  chancels  with  multichannel 
telephony.  The  solutict  cf  this  problem  is  possible  in  the  devices 
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which  use  ferromagnetic  resonance,  and  also  ir  the  devices  with  the 
nonreciprocal  phase  shirts  in  the  vagnetized  ferrites.  Fig.  5.20 
shows  the  schematic  cf  the  ierrite  gate,  which  uses  ferromagnetic 
resonance.  Ferrite  gate  is  the  cut  cf  waveguide  >,  placed  intc  the 
transverse  magnetostatic  field,  created  ty  permanent  electroiagnet. 

FOOTNOTE  1 .  Analogous  devices  can  he  created  with  the  use  cf  coaxial 
feed  lines.  ENDFOCTNCTE. 

Mithin  the  waveguide  are  placed  the  ferrite  and  dielectric  plates, 
fastened  together.  By  the  method  of  the  appropriate  selection  cf  the 
dimensions  of  the  ferrite  plate,  electrical  parameters  of  ferrite  and 
dielectric  and  constant  value  cf  magnetic  field  it  is  possible  to 
obtain  a  considerable  increase  in  the  attenuation  fcr  the  wave, 
passing  through  the  gate  in  certain  direction,  with  small  attenuation 
for  the  electromagnetic  wave  cf  opposite  direction.  The  agreement  of 
gate  fcr  the  transmitted  electromagnetic  wave  with  its  connection  tc 
the  matched  load  is  determined  ir  essence  by  dimensions  and  fcrm  of 
dielectric  plate,  since  the  dielectric  permeability  cf  contemporary 
ferrite  materials  is  small.  Strict  calculation  cf  ferrite  gates  car 
be  made  only  fcr  some  idealized  cases,  ard  therefore  in  practice  the 
dimensions  of  gate  and  the  paraieters  of  dielectric  plate  and  ferrite 
are  selected  experimentally.  It  is  known  frcm  the  practice  that  the 
system  described  above  cf  ferrite  cate  is  realized  in  the  centimeter 
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frequency  band  where  succeeds  in  obtaining  attenuation  for  direct 
wave  of  the  order  of  tenths  decibel.  This  wears  that  with  the  work 
with  the  transmitter  in  power  3-4  in  the  ferrite  plate  is 

scattered  power  on  the  order  of  30C  S,  which  is  provided  because  cf 
the  use  of  air  or  water  coding  cf  that  wall  cf  waveguide  to  which  i 
attached  the  plate.  Besides  direct  losses  in  the  ferrite  plate  is 
also  scattered  virtually  all  power  of  the  electromagnetic  wave 
reflected.  However,  in  vie*  cf  the  fact  that  the  agreement  in  the 
feed  lines  high,  power  cf  the  wave  reflected,  as  a  rule,  is 
approximately  by  an  order  less  than  th  .  power  cf  direct  losses  and 
therefore  virtually  it  aces  net  affect  the  tberial  condition  of 
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Pig.  5.20.  Schematic  of  tue  tarrite  gate:  dielectric  {1)  and  ferrite 
(2)  plates. 

Page  175. 

The  use  of  the  described  scheiatic  cf  ferrite  gate  at 
frequencies  of  order  1CCC  HHz  meets  with  great  difficulties  due  tc  a 
considerable  increase  jn  the  direct  losses  during  these  frequencies, 
and  also  complicated  and  bulky  construction .  In  this  frequency  band 
cf  the  loss  of  ferrite  gate  are  Q.fc-1  dE,  which  corresponds  tc 
10-20c/o  of  power  of  transmitter,  scattered  by  ferrite  plate.  At  the 
power  of  transmitter  3-g  sfc  the  scattered  by  ferrite  plate  pewer  is 
equal  to  approximately  SCC-8G0  fc,  which  requires  the  use  of  a 
complicated  cooling  system.  In  the  decimeter  range  the  best  results 
can  be  obtained  during  the  use  cf  the  ferrite  circulator  where  the 
ferrite  creates  nonreciprccal  phase  shifts.  The  diagram  of  one 
version  of  the  ferrite  circulator,  intended  for  the  work  with  the 
transmitter  of  tropospheric  radic  relay 
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is  given  in  Fig.  5.21a.  Circulator  [5.10]  is  the  coaxial  branching 
cff  >,  in  which  is  placed  the  magnetized  ferrite. 

FOOTNOTE  ».  circulators  cf  this  type  can  be  jade  alsc  on  the 
waveguide  branching  cff.  ENDFCGTNCTE. 

Circulator  is  formed  with  the  aid  of  three  connected  at  angl6  cf  12C° 
cuts  of  coaxial  lines.  1c  the  center  of  this  connection  is  located 
the  ferrite  cylinder,  magnetized  along  its  axis  by  magnetostatic 
field  H0.  In  the  absence  of  ferrite  cylinder  the  power  of 
electromagnetic  wave,  applied  tc  arm  I,  is  divided  into  equal  parts 
between  arms  II  and  III.  Ferrite  excites  in  ants  the  II  and  III 
electromagnetic  waves  Ea  and  E3.  li  this  case  it  proves  to  be 
possible  to  fit  the  parameters  cf  ferrite  cylinder  so  that  the 
intensity  cf  field  Ea  would  be  equal  in  magnitude  and  on  tbe  phase  cf 
the  intensity  of  field  E2  of  the  wave,  which  existed  in  arm  cf  the  II 
in  the  absence  ferrite  cylinder;  electromagnetic  fields  E'j  and  E3  in 
arm  III  prove  to  be  equal  in  magnitude  and  opposite  cc  the  phase. 
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Fig.  5.21.  Diagram  (a)  and  general  view  (b)  cf  the  ferrite 
circulator:  1  -  ferrite. 

Page  176. 

In  this  case  electro  magnetic  energy  from  arm  I  completely  passes  into 
arm  the  II,  and  electr c ■ «gn etic  energy  cf  the  wave  reflected  from  arm 
II  passes  into  arm  III  and  is  absorbed  by  the  matched  lead.  Fig. 

5.21b  gives  the  general  view  of  the  ferrite  circulator,  intended  fer 
the  work  in  the  range  cf  frequencies  f=1000  SHz.  Coding  circulator 
water,  direct  losses  are  0.2  dB,  inverse  losses  -  20  dB.  The  greatest 
throughput  is  3-4  kw. 

§5.6.  Systems  of  repeated  reception. 

The  simplest  system  of  the  doubled  recepticn  is  the  system  with 
the  optimum  addition,  enaained  theoretically  into  §2.4.  The  detailed 
block  diagram  of  the  receiver,  designed  for  the  doubled  reception 
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with  the  space  diversity  of  received  signals,  is  given  in  Fig.  5.22. 
The  accepted  by  two  antennas  A t  anc  k2  signals  through  tand-passs 
filter  PF |  and  PF2  which  provide  the  necessary  selectivity  alcng 
second  channel  and  selectivity  fcr  the  protection  from  their  cwn 
transmitter,  they  enter  the  high-frequency  aiplifiers  'JVCh!  and  UVCh2 
and  the  mixers  SMt  and  se2,  to  which  are  supplied  the  oscillations 
from  the  coiaon  heterodyne  G.  The  vcltage  cf  intermediate  frequency 
is  amplified  by  OPCh t  and  0PCh2  and  is  demodulated  in  frequency 
demodulators  DMt  and  DSa.  The  obtained  signals  cf  lew  frequency  are 
supplied  to  the  stage  cf  addition.  The  latter  is  two  cathode 
followers  with  the  total  cathode  lead,  which  are  controlled  ty  the 
special  amplifiers  of  noises  in  depending  cn  the  noise  level  cf 
receiver  so  that  in  that  receiver,  in  which  the  ncise  level  is  mere, 
the  amplification  of  cathode  follower  is  less.  Ncise  voltages  from 
the  output  of  each  demeduiater  ace  isolated  ty  ncise  filters  ESht  and 
FSh 2  in  the  frequency  region,  situated  are  ateve  the  group  spectrun 
■ultichannel  communication.  This  voltage  is  anplified  by  the 
amplifiers  of  noise  USb,  and  USh2  and  after  detection  Ct  and  C2  is 
utilized  fcr  the  appropriate  adjustment  of  the  stage  of  addition.  To 
the  total  load  of  cathode  followers  is  connected  group  amplifier  GC. 
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Fig.  5.22.  Block  diagrai  of  receiver  for  the  doubled  reception  with 
the  space  diversity  cf  signals  and  the  addition  in  the  lew  frequency. 

Page  177. 

This  diagram  of  control  works  veil  in  such  a  case,  when  the 
total  power  of  noises  at  outputs  cf  both  receivers  remains  constant, 
and  occurs  only  its  redistribution.  Since  cathode  followers  are 
included  by  a  deep  direct-current  feedback,  tfcen  in  this  case  is 
provided  the  constancy  cf  overall  line  attenuation  cf  circuit  without 
depending  on  noise  distribution  in  the  receivers.  Since  on  the 
tropospheric  lines,  besides  rapid  incoherent  signal  fading,  which 
enter  from  two  antennas,  there  are  slow  fadings,  virtually  identical 
for  these  two  signals,  tfcen  the  stages  of  additicr  can  simultaneously 
to  the  identical  degree  fce  triggered  or  be  cut  off,  and  consequently, 
considerably  change  overall  line  attenuation  cf  diagram.  For 
eliminating  this  deficiency  the  amplifiets  cf  ncise  are  encompassed 
by  the  parallel  system  ABO  (Fig.  5.23),  because  of  which  the  total 
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power  output  of  the  amplifiers  cf  noises  reaains  constant,  and  the 
levels  of  control  voltages,  the  applicable  tc  the  stages  additions, 
they  are  distributed  in  accordance  with  the  levels  ever  the  inputs  cf 
the  amplifiers  of  noise.  Pig.  5.24  gives  another  version  cf  the 
diagram  of  control,  in  which  is  utilized  one  ccamon  amplifier  of 
noise,  included  by  ASU  (5.11].  3c  the  receivers  are  secured  the 
shifted  in  the  frequency  regions  cf  noise  which  are  isolated  with  the 
aid  of  four  band-passs  filter,  installed  at  input  and  output  cf 
amplifier. 
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Pig.  5.23.  Slock  diagrai  of  addition  in  the  lev  frequency  vitb  the 
use  of  parallel  ABU. 


Pig.  5.24.  Block  diagram  of  addition  in  low  frequency  with  use  cf 
coanon  amplifier  of  nclse. 

Page  178. 

A  deficiency  in  this  diagram  is  the  presence  cf  four  filters 
requirements  for  which  very  rigid,  since  inlet  filters  must 
completely  separate  the  working  spectrum  multichannel  communication, 
the  considerably  exceeding  ccise  level  in  tbe  filter  pass  band,  and 
cutput  filters  -  reliablj  divide  ncise  channels.  However,  in  the 
first  diagram  of  control  is  inherent  another  deficiency.  In  it  twe 
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amplifiers  of  noise,  which  requite  balance  and  constancy  of  the 
parameters  in  the  tine. 

Fig,  5.25  gives  the  curves,  which  characterize  the  work  cf  add 

systea  in  the  lew  frequency  with  the  doubled  reception.  Curves  show 

the  dependence  of  the  power  cf  noise  in  telephone  channel  with  single 

and  doubled  triaaers.  Line  1  shews  the  theoretical  dependence  cf  the 

power  cf  noise  with  the  single  reception  on  the  value  cf  signal  at 

the  input  of  receiver.  Change  ic  the  power  cf  ncises  and  value  cf 

signal  is  given  in  the  relative  units.  Dctted  curve  2  shows  the 

experiaental  dependence  cf  ncises  cn  the  value  cf  signal  for  cne 

receiver,  while  dotted  curve  3  -  fer  another  receiver.  A  sharp 

increase  of-  noises  corresponds  to  the  decrease  of  signal  of  lewer 

than  the  threshold  value  for  the  sensing  transducer  of  the 

frequency-aodulated.  Ontrcken  curve  4  shews  the  theoretical 

dependence  of  the  power  cf  noises  with  a  decrease  of  signal  cn  one  of 

the  receivers  and  a  constant  value  of  signal  cn  ether.  Gain  cc  the 

theraal  ncises  with  the  doubled  reception  anc  the  identical  signals 

is  3  dB  (points  a  and  I).  Ifce  aaxiaua  value  cf  noise  with  decrease  of 

cne  of  the  signals  tc  zero  theoretically  increases  cn  6  dE  (pcint  E) , 

due  to  the  absence  of  cne  signal  cn  3  dB  and  presence  of  noise  frci 

the  second  receiver  alsc  by  3  dE.  Ihe  experiaental  curves  for  this 

case,  depicted  as  dotted  lines  5  and  6,  coincide  sufficiently  well 

with  the  theoretical  curves  for  the  values  cf  signal  cf  acre  than 
threshold  level  and  go  telow  cn  signal  levels  cf  less  than  the 
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Fig.  5.25.  Dependence  c t  the  fever  c£  ncises  in  the  channel  in  add 
system  in  the  low  freqeeccy  cn  the  value  cf  signal  at  the  input. 

Page  179, 

This  is  explained  by  a  sharp  increase  of  noises  during  the  breakdown 
of  threshold  relationships  and  fcy  a  complete  closing  cf  the 
corresponding  stage  cf  addition. 

As  noted  into  §2.4,  it  is  acst  expedient  tc  produce  the  linear 
addition  cf  signals  with  the  repeated  reception  at  the  interxediate 
frequency.  But  to  prcdcce  this  addition  cf  signals  is  possible  only 
in  such  a  case,  when  these  signals  have  identical  phase.  Since 
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signals  at  the  output  cf  IP  amplifiers  with  the  dcutled  reception 
with  the  space  diversity  cf  signals  differ  frcs  each  ether  in  the 
phase  due  to  a  difference  in  the  circuits  of  high  and  intermediate 
frequencies  and  as  a  result  of  a  ccntinucus  change  in  phase  cf  beth 
signals  with  their  passage  througn  the  troposphere,  receiver  must 
have  a  system  of  the  automatic  tuning  of  the  phase  cf  arriving  at  th^ 
stage  of  addition  signals,  fig.  5.26  gives  the  system  block  diagram 
of  addition  in  intermediate  frequency  [5.12'.  lhe  accepted  by  two 
antennas  signals  of  cne  and  the  same  frequency,  hut  cf  different 
phase  through  band-passs  filter  pF  and  ferrite  gates  FV  enter  the 
mixers  3m,  where  they  are  converted  into  the  oscillations  of 
intermediate  frequency  and  are  amplified  by  If  amplifiers  PUECh 

(^intermediate- fregueccy  preaaplif ier  '  and  UPCh.  The  additicn 
of  signals  is  conducted  ia  the  stage  of  additicn  Si.  The  necessary 
for  the  transfor nation  cf  high-frequency  sigrals  into  the  sigrals  cf 
intermediate  voltage  frequency  cf  heterodyne  is  created  by  the  methed 
of  frequency  multiplication  cf  coaion  crystal  oscillator  KG  to  the 
necessary  value  in  the  multipliers  us. 

Since  crystal  oscillator  fer  both  receivers  common  then  the 
oscillations  of  intermediate  frequency  are  always  equal  in  the 
frequency,  but  they  car  differ  in  the  phase.  The  signals  accepted 
after  UPCh  through  the  limiters  cf  Ogras  Oy r.l  [Soviet 

thermonuclear  mirror  machine  ]  are  supplied  tc  the  phase 
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FD,  in  which  is  developed  the  error  signal,  which  affects  the  phase 
modulators  FM ,  connected  between  the  crystal  cscillatcr  and  the 
multipliers. 
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Fig.  5.26.  Block  diagrai  of  receiver  for  the  doubled  reception  with 
the  addition  in  the  intermediate  frequency. 

Eage  180. 

The  changes  in  the  phase,  obtained  in  the  phase  ncdulators,  are 
■ultiplied  into  the  appropriate  nuiber  of  tiaes  and  are  transferred 
to  the  intermediate  frequency.  This  device  provides  the  high  accuracy 
cf  the  phasing  of  received  signals  without  the  use  cf  dc  amplifiers 
due  to  the  effect  of  the  multiplication  cf  ptase  divergences  and 
virtually  it  does  not  depend  cn  frequency  stability  cf  cornier 
heterodyne.  The  effectiveness  of  the  work  of  phase  tuning  is 
characterized  by  the  coefficient  cf  control  cr  by  the  coefficient  cf 
tuning,  equal  to  the  ratio  cf  ar  iritial  phase  difference  .  {with 
the  switched-off  automatic  tuning)  to  a  residual  phase  difference  6*0 
(with  the  connected  tuning)  £5.13].  The  coefficient  cf  contrcl  is 
equal  to 


'  t  1 


DOC  =  80025  t  10 


EAG£ 


where  S,-,-  -  mutual  conductance  of  the  phase  discriminator,  S\0M  - 
mutual  conductance  of  phase  modulator,  n  -  the  multiplication  factor 
cf  frequency. 

For  the  compensation  for  an  initial  phase  difference  in  two 
receivers  is  utilized  the  equalizer  of  phase  VF,  included  in  one  or 
the  other  arm  cf  the  stage  cf  addition. 

Heterodyne  filter  FG  serves  for  the  suppression  cf  the 
combination  oscillat ic r s  ,  which  appear  ir  the  stages  cf 
multiplication.  After  the  stage  cf  addition  the  signals  enter  the 
demodulator,  which  consists  cf  the  limiter  cf  Cgras  and  FP1 
discriminator  ChD.  From  the  cutput  of  demodulator  the  signals  of  lew 
or  group  frequency  are  supplied  to  the  group  amplifier  GU. 

Linear  conditions  of  tae  addition  of  the  cutput  signals  cf  each 
of  the  receivers  is  provided  by  the  use  cf  parallel  automatic  gain 
control  ABO  of  both  IF  amplifiers.  with  parallel  AR'J  both  amplifiers 
at  any  moment  have  the  identical  amplificaticn,  determined  by  the 
receiver  on  input  of  which  larger  signal,  i.e.,  summarized  signals, 
it  is  located  in  the  same  ratio  as  input  signals.  Phase  modulator  c * 
this  system  consists  of  two  tubes,  interconnected  (Fig.  5.27a) 
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[5.14].  The  oscillations,  which  coae  the  grids  cf  these  tubes  from 
crystal  oscillator,  are  cut  of  (base  relative  tc  the  supplied  signal 
on  ♦<*.  This  is  reached  fcy  the  fact  that  between  the  input  stage  of 
nodulator  and  the  grids  cf  aodulatcr  tubes  are  connected  the 
phase-shifting  circuits,  which  ersure  the  necessary  change  in  the 
phase.  Error  voltage  frca  the  phase  discrininatcr  is  fed  tc  the  grids 
cf  nodulator  tubes.  If  errcr  voltage  is  equal  tc  zerc,  then  the 
anplif ication  of  tubes  identical  and,  as  can  be  seen  frcn  vector 
diagran  Fig.  5.27b,  vectors  of  the  total  voltage  u  is  located  in  scie 
conditional  zero  positicr,  aid  the  vectors  cf  stress  conponents  u, 
and  u2  are  shifted  relatively  it  cn  ♦  <*. 

Page  181. 

If  the  polarity  of  error  vcltage  is  such,  that  the  anplif ication  cf 
the  first  tube  increases,  and  by  the  seccnd  it  decreases,  then  occurs 
an  increase  in  the  phase  cf  total  cscillaticn  by  the  angle  ♦  *,  as  it 
is  clearly  evident  fro*  the  diagra*  where  u',  and  uj  2  -  stress 
conponents,  and  u’  -  a  tctal  voltage.  Rith  a  change  in  the  polarity 
cf  error  voltage  the  phase  cf  tctal  vcltage  changes  in  the  ether 
direction.  The  output  vcltage  of  icdulatcr  u  is  the  sun  of  tuc  sine 
voltages  u,  and  u2,  equal  in  the  frequency,  bet  which  differ  in  the 
phase  on  ±a  froa  the  phase  cf  tctal  vcltage.  Fig.  5.28  depicts  the 
dependence  *  cn  the  paraaeter  s=Uj/u2  at  different  angles  a.  Froa  the 
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graph  it  is  evident  that  autual  conductance  c 
increases  with  an  increase  in  the  initial  ang 
decreases  the  amplitude  cf  total  vector  and  i 
change  in  the  process  cf  tuning.  Cn  the  tasis 
considerations,  the  iritial  phases  of  vectors 
select  order  of  +70°.  In  this  case  the  relati 
modulation  characteristic  is  obtained  with  k, 
the  limits  from  1  to  2,  which  ccrrespcnds  tc 
vector  at  an  angle  of  cf  m-±h30. 


f  phase  modulatcr 
les  a,  but  in  this  case 
ccreases  its  relative 
cf  these 

it  is  expedient  to 
vely  linear  section  of 
that  is  changed  within 
the  rotation  cf  total 
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Pig.  5.27.  Diagran  and  vector  diagran  of  phase  ecdulator. 


Pig.  5.28.  Dependence  c i  angle  a  ci  paraaeter  k  at  different  angles 
a. 


Page  182. 


In  the  selected  diagraa  cf  the  tuning  of  phase  the  control  cf  the 
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amplitude  of  stress  components  is  realized  simultaneously  sc  that 
U|  =  )cu#  u2=(1/ldu  and  u,/u2*ic>*. 

In  this  modulator  circuit  the  voltage  is  developed  on  the  total 
load  of  tubas  in  anode  circuits  RH.  therefore  y,=S;/?„.  u4  =  S1^M, 
ul/U2=fc2~Si/S2« 


For  obtaining  the  phase  shift  on  +43°  is  necessary  a  change  cf 
the  slope  of  each  tube  1.4  tiaes.  Since  even  at  the  values  of  the 
circuit  parameters  indicated  in  it  occurs  essential  parasitic 
amplitude  modulation,  then  after  phase  mcdulatcr  it  is  expedient  tc 
introduce  amplitude  Uniter.  The  characteristic  cf  phase  modulator  is 
given  in  Fig.  5.29.  As  tfce  phase  discriminator  is  utilized  balance 
phase  discriminator,  iith  a  change  in  the  phase  cf  the  stored  up 
vibrations  relative  to  each  ether  tc  one  cr  ether  side  on  the  loads 
cf  detector  will  be  developed  error  vcltage  fer  different  polarity 
and  different  value. 

The  characteristic  cf  the  phase  discriminator  has  many  zerc, 
distant  behind  each  ether  tc  *,  and  peried  cf  change,  egual  2».  As  a 
result  of  the  peculiarity  cf  the  phase  discriminator  indicated,  the 
dynamic  system  characteristics  with  the  phase  tuning  has  complicated 
form  and  behavior  of  entire  system  it  car  be  different  in  depending 
cn  initial  conditions  and  further  change  in  the  phase  shifts.  Dynamic 
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characteristic  represents  the  dependence  of  the  residual  detuning  cf 
phase  6+0  on  initial  Sep,,,  Pig.  5.30  depicts  the  possible  dynaaic 
system  characteristics. 


Thus  far  a  change  in  tie  phase  shift  is  located  in  the  band  cf  the 
retention  of  system  (segment  of  the  curve  a-fc),  i.e.,  thus  far 
residual  detuning  does  net  exceed  value  */2,  systen  is  held  about 
conditional  zero.  As  sect  as  residual  detuning  it  will  exceed  value 
w/2,  systea  "jumps"  to  another  conditional  zero,  with  further 
increase  in  the  phase  shift  again  will  occur  the  juap.  with  an 
inverse  change  in  the  phase  shift  first  will  occur  the  retention  cf 
systea  about  the  conditicnal  zero,  equal  tc  4»,  and  then  follows 
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inverse  juap.  Dpon  the  initial  connection  the  systea  can  he  retained 
about  the  nearest  of  zerc  relative  detunings  cf  the  phases  of  the 
arriving  signals  -  point  c.  so  that  the  juaps  would  not  cause 
disturbance  in  the  wcrk  cf  entire  receiver,  it  aust  he  designed  sc 
that  the  possible  relative  changes  in  the  phase  cf  two  signals  with 
their  passage  through  the  troposphere  would  net  exceed  the  region  of 
the  retention  of  systea.  Pag.  5.31  gives  the  erperiiental  curve, 
which  shows  a  change  in  the  phase  difference  between  the  arriving 
signals,  which  enter  frea  two  antennas.  In  the  curve  are  plotted 
changes  in  output  potential  of  the  phase  discriminator  from  the  tioe. 
In  the  tiae  interval  ct  0-1  «in  the  systea  cf  the  automatic  tuning  of 
phase  is  switched  off,  in  this  case  in  the  carve  recorded  change  in 
the  phase  froa  -w/2  to  **/2,  which  is  deteraiced  by  the  property  cf 
the  phase  discriminator  to  react  to  a  phase  difference,  multiple  2», 
in  an  identical  way.  In  the  connected  systea  are  noted  insignificant 
changes  in  the  phase  difference.  On  dotted  curve  is  plotted  the 
actual  value  of  a  phase  difference  between  twe  signals,  defined  as 
product  of  droop  and  the  coefficient  of  control. 
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Fig.  5.31.  Change  of  the  phase  difference  in  the  system  with  the 
autoaatic  tuning  of  phase. 

Key:  ( 1)  .  Bin. 

Page  184. 

Fig.  5.32  gives  the  experiaental  curves,  which  characterize  the 
dependence  of  theraal  ncise  in  telephone  chancel  cf  receiver  with  the 
addition  in  the  intermediate  freguency  cc  the  identical 
high-f reqoency  signal  levels  at  inputs  of  bctb  receivers  on  a  phase 
difference  between  these  signals  with  connected  and  switched-cff  AFF. 
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As  the  zero  noise  level  is  accepted  the  level,  which  ccrrespcnds  to 
equality  phases.  From  the  examination  of  these  curves  it  is  evident 
that  the  disagreement  cf  phases  cn  30-40°  causes  an  increase  in  the 
noise  on  1  dB.  Uith  connected  a  it  virtually  cf  an  increase  in  the 
noise  it  is  not  observed. 

For  the  addition  in  the  intermediate  freguency  sometimes  in  the 
systems  of  the  doubled  reception  is  utilized  the  device  of  addition 
with  the  frequency  ccntrcl  cf  the  stored  vibrations  with  an  accuracy 
to  phase  [5.15].  In  such  devices  is  applied  the  second  frequency 
conversion  and  addition  is  realized  at  the  seccnd  intermediate 
frequency.  The  blech  diaqraa  of  the  part  of  the  receiver  with  this 
addition  is  given  in  Fig.  5.33.  The  oscillations  of  the  stored 
signals  from  two  amplifiers  of  the  second  intermediate  frequency 
enter  the  phase  discri firatcr.  In  cne  of  the  circuits  of 
transformation  is  utilized  tfce  mixer  with  the  quartz  heterodyne,  in 
the  second  circuit  -  mixer  and  generator  with  the  reactance  tube. 
Error  voltage,  developed  at  the  output  of  the  phase  discriminator,  is 
supplied  to  the  reactance  tube  and  oscillator  freguency  is  adjusted 
slightly  so,  in  order  to  freguency  at  outputs  cf  both  amplifiers 
coincide  with  an  accuracy  to  phase.  This  system  is  suitable  fer  the 
composition  of  vibrations,  modulated  by  the  signals  multichannel 
telephony  or  by  the  signals  of  the  televisicn  image,  hut  it  has  two 
essential  deficiencies.  This  system  during  the  repeated  addition 
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first  requires  the  pairwise  addition  of  signals,  and  then  addition 
the  vapor  between  themselves.  The  systea  of  the  autcnatic  frequency 
control  with  an  accuracy  to  phase  has  very  narrow  band  of  trapping 
and,  besides  in  addition  to  this,  the  heterodynes  of  receivers  and 
the  generators  of  transiitters  aust  have  very  high  stability. 


Pig.  5.32.  Dependence  ci  thermal  ncises  cn  a  phase  difference  between 
the  received  signals. 

Key:  (1).  dB.  (2).  without.  (3).  with. 

Pig.  5.33.  System  blcck  diagram  of  addition  with  freguency  ccctrcl 
with  an  accuracy  to  phase. 

Page  185. 

Quartzes  of  the  combined  receiving-transmitting  devices  aust  be 
adapted  to  each  other. 

Por  the  creation  cf  the  devices  of  the  quadrupled  reception  are 
utilized  the  combined  systems  of  addition.  Fci  adding  the  signals. 
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spread  in  the  space,  is  applied  the  addition  cf  signals  in  the 
interaediate  frequency  in  pairs  for  each  frequency  and  the  subsequent 
addition  -  combining  in  fours  the  pairs  between  themselves  in  the  low 
frequency.  For  the  repeated  addition  of  signals  at  the  interaediate 
frequency  is  proposed  tie  new  syst6a  of  the  addition  cf  Fig.  5.34, 
which  has  a  whole  series  cf  the  essential  advantages  in  comparison 
with  those  earlier  existed,  basis  of  which  lies  in  the  fact  that  the 
system  does  not  require  special  devices  fcr  the  frequency  control  and 
phase  of  stored  vibrations  [5.16].  The  f requency-aod ulated  signals  of 
interaediate  frequency  frca  the  output  of  fcur  IE  amplifiers  enter 
the  synchronizing  units  £Dl-S04.  Each  of  these  devices  consists  cf 
fundamental  OS  and  auxiliary  VS  cf  aixers.  Auxiliary  mixer  serves  for 
forainq  the  heterodyne  frequency  fcr  the  fundasental  mixer.  Ic  fcctr. 
aixers  are  supplied  the  cscillaticns  of  interxediate  frequency,  while 
to  the  auxiliary  are  supplied  even  oscillations  from  the  reference 
oscillator  OG.  During  interaction  of  the  oscillations  of  intermediate 
frequency  and  oscillations  cf  reference  cscillatcr  at  the  outputs  cf 
auxiliary  aixers  are  fcraed  the  oscillations  with  the  frequencies: 

AflC,  =  for  f  Arp,  ’ 
fx,~for~  fop*  • 

In  the  fundamental  mixer  interaction  of  the  oscillations  of  the 
obtained  frequencies  and  sicnals  intermediate  cf  frequency  leads  to 
the  formation  of  the  second  interaediate  frequency: 

f 2np,  / SC,  Arp,  for  f -p,  Zap,  ~~  f or! 
f ?np4  f  SC,  Arp,  f OF~  f  np,  '  rip,  f OF- 


DOC 


80025110 


CAGE 


Fig.  5.34.  System  blcck  diagram  or  addition  with  the  synchronizing 

LilitS  . 

Page  186. 

From  these  expressions  it  is  evident  that  the  signal  frequencies 
at  the  outputs  of  the  fundamental  mixers  of  each  sy nchronizirg  unit 
are  equal  to  the  frequency  ct  reference  cscillatcr.  This  equality 
frequencies  is  maintained  with  an  accuracy  to  phase  and  all  signals 
can  be  simply  stored  on  the  total  load.  Passing  through  this 
synchronizing  unit,  the  freque ncy- mod  ala  ted  signal  is  converted  into 
the  signal,  modulated  cn  the  phase.  This  occurs  as  a  result  ct  the 
fact  that  in  the  fundamental  maxer  of  sy nchrcnizicg  unit  interact  twc 
frequency-modulated  cscallaticns,  which  have  the  identical  deviaticn 
cf  frequency  -  A/,.,  tut  dephased  of  the  modulating  signal  ty  h*=2irFr, 
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where  F  -  the  modulating  frequency. 

This  displacement  is  caused  ly  the  fact  that  the  signal  due  to 
all  delays  in  the  synchronizing  unit  delays  tc  the  period  r  relative 
to  fundamental  signal.  At  tte  output  of  the  fundamental  mixer  of  ?jch 
synchronizing  unit 

/ (!)  =  A  fc  sin  2-  F  t  —  A  fc  sin  2-  F(t  —  t)  *= 

=  2A  /.  sin  sin  2-  F  It — x)  =  A  / sin  2  -  F(t  —  r), 

i.e.  the  deviation  of  frequency  at  the  output 

,  .  .  2  n  F  t 

A  /  =  2  A  /c  sin  -  . 

with  satisfaction  of  condition  2.-.F  1.  -  where 

maximum  modulating  frequency,  deviation  at  the  output 

A  /  ^  2  -  A  / .  F  t 

is  proportional  to  the  acdulating  frequency,  and  the  index  of 
modulation  at  the  output 


is  constant  for  any  modulating  frequency,  i.e.,  signal  has  at  the 
cutput  frequency,  but  phase  modulation.  Since  a,;  -  <  i  the  index  cf 
modulation  In  this  phase  modulated  signal  of  small  and  signal  can  he 
modulated  in  the  phase  discriminator  during  the  small  distortions. 
Since  the  disagreement  cf  signals  in  view  small  r  is  considerably 
less  than  2v,  then  all  signals  can  be  folded  cn  cne  lead  in  the  stage 
of  addition  S\  and  after  limitation  are  demodulated  in  the  phase 
discriminator  FD.  As  the  refererce  voltage  fer  the  phase 
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discriminator  is  utilized  the  saie  voltage  frcm  the  reference 
oscillator,  shifted  cn  SCa  in  the  phase  inverter  FV.  Linear 
conditions  of  addition  in  this  system  is  provided  by  the  ccaacn 
parallel  gain  control  ct  all  IF  amplifiers. 

The  described  synchronizing  unit  somewhat  improves  the  threshold 
properties  of  receiver  doe  to  the  transf craaticn  cf  the  frequency 
modulated  signal  into  the  signal,  modulated  on  the  phase,  and  its 
detection  in  the  single  detector,  and  also  doe  tc  pumping  of  the 
oscillation,  synchronous  with  the  carriet  of  signal  f  5.  17  ]. 

Page  187. 

§5.7.  Transmitters  with  the  powerful  amplifier  klystron. 

Widest  use  in  the  tropospheric  systems  received  transmitters 
with  the  frequency  mcdolaticn  or  generators  at  the  intermediate 
frequency,  the  subsequent  transf criaticn  of  the  oscillations  cf 
intermediate  frequency  into  the  high-frequency  oscillations  and  the 
amplification  of  these  cscillations  to  the  necessary  pcwer. 
Fundamental  vacuum-tube  instruments  for  amplifying  the  high-frequency 
oscillations  are  multicavity  span  Klystrons,  travelling-wave  tubes 
and  powerful  triodes.  Fig.  5.35  gives  the  blcck  diagram  of  the 
transmitter,  used  in  the  tropospheric  systems  with  the  space 
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diversity  of  received  signals  with  the  doubled  reception.  The 
modulating  voltage  frox  equipment  for  multiplexing  or  commutation 
equipment  comes  the  generator  of  the  frequency-modulated  oscillations 
-  modulator  M,  which  works  at  intermediate  frequency.  In  the 
equipment  for  tropospheric  systems  just  as  in  the  equipment  for  radio 
relay  lines,  usually  is  utilized  intermediate  frequency  -  70  SHz.  The 
obtained  oscillations  are  amplified  in  OECh  and  are  supplied  to  the 
high-frequency  mixer  5m.  Tc  the  same  mixer  are  supplied  the 
high-frequency  oscillations.  For  obtaining  high  frequency  stability 
of  transmitter  in  the  frequency-modulated  generators  are  applied 
special  measures  for  the  stabilization  of  medium  frequency,  and  the 
high-frequency  oscillations,  necessary  for  the  transformation,  are 
obtained  with  the  aid  of  frequency  multiplication  of  the  oscillations 
of  crystal  oscillator  KG  in  frequency  multiplier  on.  in  the  diagram 
is  utilized  the  mixing  at  the  high  level,  however,  since  for  the 
oscillation  of  powerful  amplifier  klystrcn  is  required  comparatively 
large  power,  then  the  obtained  after  mixer  bich-f reguency 
oscillations  first  are  amplified  in  OVCh,  and  then  through  the  filter 
of  lateral  band  F  which  isolates  lower  or  upper  side  band,  and 
attenuator  AT,  which  uses  for  the  decoupling  between  the 
high-frequency  amplifier  and  with  input  circuit  of  power  klystrcn, 
oscillation  they  are  supplied  to  the  powerful  klystrcn  amplifier  nu. 

From  the  output  of  the  klystrcn  amplifier  through  the  filter  cf 
harmonics  FG,  which  shields  other  radio  aids  frcm  the  interferences 
from  the  side  of  this  transmitter,  high-frequency  energy  on  the 
waveguide  enters  antenna  1. 

1 


Fig.  5.35.  Block  diagraa  of  transnitter  for  the  systen  of  the  doubled 
reception  with  the  space  separation. 
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Page  188. 

For  the  tropospheric  systeas  with  the  frequency  diversity  of 
received  signals  with  the  doubled  reception  cr  fcr  the  frequency  and 
space  diversity  of  signals  with  the  quadrupled  reception  is  applied 
the  transaitter,  actually,  iihich  consists  of  twc  identical 
transaitters,  which  work  at  the  different  frequencies,  tut  which  have 
coaaon  aodulator.  The  klcck  diagrai  of  this  transaitter  for  the 
systea  of  the  quadrupled  reception  is  given  in  Pig.  5.36.  For 
increasing  the  reliability  of  transaitter  in  it  are  provided  fcr  twc 
nodulators  H,  workers  and  stand-by,  and  to  the*  switching  systea  PD. 
Each  transaitter  works  cn  its  actenna.  Fcr  an  iaproveaent  in  the 
agreeaent  between  the  filter  of  lateral  hand  fE  and  input  circuit  cf 
power  klystron  is  connected  ferrite  gate  FV.  Fcr  decreasing  the 
transient  noises,  which  appear  in  the  long  waveguides  as  a  result  cf 
the  insufficient  agreeaent  of  the  output  cf  power  klystron  ard 
presence  of  the  waves  reflected  free  the  heterogeneities  of  waveguide 
itself  and  fron  the  antenna,  at  the  output  cf  klystron  is  installed 
powerful  ferrite  gate  PfS  or  circulator. 
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Por  work  in  multibarrelled  tropospheric  lines  are  applied  the 
transaitters,  constructed  acccrdisg  to  the  described  block  diagrams. 
Por  increasing  the  reliability  cf  system  can  be  provided  the  multiple 
operation  o£  two  aodulatcrs  without  switching  system.  Sometimes  in 
similar  type  doubled  transaitters  are  applied  net  two  crystal 
oscillators,  but  one  common  in  one  half  device  is  utilized  after 
mixer  upper  sideband,  but  the  secondly  -  lower  lateral.  In  this  case 
the  operating  frequencies  of  two  halves  transmitter  differ  to  the 
dual  value  of  intermediate  frequency.  Crystal  oscillator  has  stand-by 
assembly  and  switching  system.  Ecth  halves  transmitter  through 
separation  filter  work  on  one  artecna  feeder  -  with  the  angular 
separation  of  received  signals  cr  to  the  separate  antenna  with  the 
space  diversity  of  signals.  The  transmitter  cf  another  shaft  works  on 
the  second  irradiator  or  on  the  second  actecia,  as  it  was  shewn 


earlier 
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Fig.  5.36.  Block  diagram  or  transmitter  for  the  system  of  the 
quadrupled  reception  with  the  space  and  frequency  separations. 

Page  189. 

For  increasing  the  reliability  of  entire  system  each  half 
transmitter  is  supplied  frcm  twc  independent  electri.  systems  or  from 
two  self-contained  diesel  pcver  piants. 

Multicavity  span  amplifier  klystron  consists  of  following  basic 
parts:  cathode  leg,  rescnator  assembly,  collector  and  separate 
focusing  system  [5.18].  In  the  cathode  leg  are  placed  the  cathode  and 
heater  to  it.  Resonator  node  consists  of  several  cylindrical  coaxial 
ducts  or  rectangular  resonators.  1  he  center  conductor  cf  coaxial 
integral  cavities  or  special  capacitive  cylinders  in  the  vacuum 
construction  of  klystron  with  the  cuter  ducts  serve  as  span  tube  for 
the  escaping  from  the  cathode  electrons.  Each  duct  gapped  in  the 
center  conductor,  throcgfc  which  occurs  interaction  cf  the 
high-frequency  fields  cl  resonators  with  the  electrcn  beam.  Beam  is 
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shaped  with  the  aid  cf  the  magnetic  field,  created  by  the  focusing 
system,  and  the  electric  field,  which  exists  between  the  cathcde  and 
the  collector.  Sescnatcr  node  has  special  charnels  fcr  the  coding  by 
its  water.  Collector  serves  for  the  creation  in  the  klystron  cf 
electric  field  and  for  the  collection  of  the  electrons,  which  passed 
resonator  systems.  Collector  is  the  copper  cere,  placed  on  by  span 
tube,  cone  is  also  ceded  by  water. 


Klystrons  have  the  great  amplif ication  when  all  ducts  are 
inclined  for  one  frequency;  for  obtaining  the  wide  passband  is 
conducted  nutual  staggering  cr  introduction  tc  them  of  supplementary 
attenuation,  which,  cf  course,  decreases  the  output  high-frequency 
power.  Fig.  5.37  gives  the  photograph  of  powerful  amplifier,  in  which 
is  well  visible  the  klystron  cf  the  KU-308  in  the  focusing  magnetic 
system.  Klystron  works  with  the  forced  water  coding  of  collector  and 
resonators.  For  the  coding  it  is  required  by  2C  1  cf  water  per 
minute  at  a  pressure  ir  1.2  atm.  Fcr  the  focusing  is  utilized  one 
focusing  coil  with  the  the  uniform  entire  winding  along  the  length 


resonator  node 
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Fig.  5.37.  Powerful  klystron  aapliiier. 

Fage  190. 

Accelerating  voltage  on  the  collector  -  9  kv,  aaplif icaticn  factors 
40  dB.  A  four-resonator  klystron  of  the  type  cf  the  K0-301  in  cutpu 
high-f reguency  power  1C  k tt  is  considerably  acre  according  to  the 
dimensions.  Klystron  has  the  nagnetic  focusing,  which  consists  of 
five  coils,  established  evenly  alcng  the  rescuatcr  node  of  klystron 
Fig.  5.38  gives  the  diagrae  cf  powerful  amplifier  stage  on  the 
klystron.  For  the  incandescence  is  utilised  alternating  current.  In 
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the  device  the  feeds  of  klystron  are  provided  continuously  variable 
control  of  filanent  voltage  and,  if  it  is  necessary,  the 
stabilization  of  incandescence,  and  also  the  inclusion  of  getter  in 
the  klystrons  of  large  power.  The  device  of  feed  is  insulated  from 
the  ground.  Voltage  and  current  of  heater  are  acnitcred  by  measuring 
aeters.  The  focusing  sjstea  of  klystron,  which  consists  of  one  cr 
several  coils,  is  supplied  fxoa  the  special  device  cf  feed.  For  the 

inspection  of  the  power  output  cf  transaitter  in  the  output  coaxial 

i-f  ic  t 

cr  ‘J-i  /v  La  provided  for  the  power-level  irdicatcr,  which  consist 

of  the  calibrated  directional  coupler  the  aster  of  small 

power  with  the  theraistcr  cr  detector  cap. 
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Pig.  5.38.  Diagraa  of  stage  on  the  powerful  a»Flifier  klystron. 

Key:  (1).  Device  of  the  feed  of  focusing  coils.  (2).  High-voltage 
rectifier.  (3) .  Devices  cf  feed  of  incandescence. 

§5.8.  Low-noise  high-f xeguency  aaplifiers. 

For  sensitization  cf  receiver  devices  cf  tropospheric  radio 
relay  lines  are  applied  the  paraaetric  aaplifiers,  which  possess  a 
saall  inherent  noise  level.  The  theory  paraietric  amplifiers 
detailed,  there  are  aetbcds  of  their  calculation  [5.19-5 .21’.  Mill  te 
here  axaained  only  the  two  types  cf  the  aaplifiers,  which  fcurd 
practical  use. 
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The  fondaaental  eleient  of  paraaetric  aaplifier  is  the 
paraaetric  diode,  which  possesses  the  property  cf  nonlinear 
capacitance  and  which  changes  its  reactance  dee  to  the  external 
energy  sources.  Since  purely  reactive  eleaents  dc  net  possess 
inherent  ncise,  then  paraaetric  aaplifiers  can  provide  very  lew 
inherent  noise  levels,  fer  the  accuaulaticn  cf  energy  is  utilized 
capacitance  of  p-n  junction,  a  change  in  capacitance  value  is 
realized  due  to  the  supply  frea  puap  oscillator  of  the  altercating 
voltage  whose  freguency  higher  that  fregcency  cf  the  attplified 
signal. 

In  the  eguipment  fee  tropospheric  radio  relay  lines  are  used  two 
types  of  the  paraaetric  aaplifiers:  two-circuit  aaplifier-ccn vertcr 
and  two-circuit  regenerative  aaplifier  with  circulator.  The  scheaatic 
cf  two-circuit  paraaetric  amplifier  represents  two  parallel 
oscillatory  circuits,  cue  cf  which  is  tuned  tc  a  frequency  cf  signal 
A-,  and  by  the  second  -  fer  difference  freguency  in—U  Paraaetric 
diode  seemingly  is  coupling  elesent  between  these  two  resonant 
circuits.  To  the  diode  tc  these  or  with  another  aethed  are  supplied 
the  oscillations  froa  punping  generator.  In  the  paraaetric 
aaplif ier-con vertor  is  utilized  the  energy  cf  difference  frequency, 
which  can  be  ouch  aore  than  the  energy,  given  up  by  the  source  cf 
signal.  In  the  paraaetric  regenerative  aiplifier  with  the  circulator 
output  energy  is  reaeved  not  at  the  difference  freguency,  but  at  the 
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signal  frequency.  The  hicck  diagram  of  amplifier-con vertor  is  given 
in  Fig.  5.39a.  Energy  frca  the  source  of  signal  Pc  3I  is  supplied  tc 
the  signal  duct  SK,  anc  tnen  through  the  filter  PS  to  the  parametric 
diode,  to  which  through  the  filter  PN  are  supplied  the  oscillations 
from  the  generator  G8«  3 he  ringing  of  the  intensive  energy  it  is 
realized  from  the  duct  HK,  inclined  to  the  difference  frequency  and 
connected  to  parametric  diode  through  the  filter  FS.  In  filters  FS, 
PN  and  PH  the  resistances  are  equal  to  zero  respectively  for  the 
signal  frequency,  puipitgs  and  difference  frequencies,  and  fer  other 
frequencies  are  equal  tc  infinity. 


Parametric 
indices: 
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amplifier  can  he  characterized 
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f undaiental 
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Pig.  5.39.  Block  diagras  of  paraaetric  aaplif iec-con vector  (a)  and 
regenerative  amplifier  kith  the  circulator  (b) . 

Page  192. 

Power  gain  for  the  paraaetric  aapli fier-ccn vertor  with  a 
sufficient  degree  of  accuracy  can  be  expressed  by  formula  [5.11] 

_ P ?  stix  _ _  / P  ffr  3* 

‘  Pen  ~  U  (1  -M'gcgp’ 

where  ■■  -  difference  frequency, 

-  signal  freguency, 

■~r  -  the  conductivity  of  the  source  cf  signal, 

-  the  conductivity  of  signal  duct 


load  ad*ittance0 
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Zv  -  the  conductivity  cf  differential  duct 


the  coefficient  ot  regeneration. 


The  coefficient  of  regeneration  is  deterained  by  the  expression 


2  = 


.ic: 


?p?c 


where  a-  “  divergence  ct  the  capacitance  of  paraaetric  dicde  from 
■ean  value. 


The  bandwidth,  deterained  at  the  level  C.7: 

A/=“7-K/p A(l  — p>. 

**  *-0 

where  C0  -  Bean  value  cf  the  capacitance  of  paraaetric  diode. 


Factor  of  the  noise  of  tne  aaplifier  of  the  converter 


If  losses  in  the  ducts  are  saall,  then  these  expressions  can  be 
siaplif ied : 


Mr-  = 


'•op  - 


The  block  diagraa  cf  two-circuit  paraaetric  regenerative 
aaplifier  with  the  circulator  is  given  in  Fig.  5.39fc.  To  the  input  cf 
ferrite  circulator  Ts  is  supplied  the  energy  cf  signal  which 


through  the  appropriate  aca  of  circulator  falls  tc  the  signal  duct 
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SK.  The  intensive  energy  at  the  signal  frequency  through  the  second 
are  of  circulator  is  supplied  into  the  lead,  fever  gain  fer  this 


amplifier  till  be 


: r  <  a. 


Sc  '  j  -r,  , , 


C‘-?r- 


where  !!  -  efficiency  c£  circulatcr  from  the  source  of  signal  to  the 

aaplifier,  12  -  efficiercy  cf  circulator  fret  the  amplifier  cf  lead. 
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with  small  its  own  lasses  in  signal  duct 

and  with  the  values  f,  the  close  cnes  to  the  unit, 

M  = 

*  (!-?)*' 

The  factor  of  the  noise  cf  amlifiei  with  the  circulator  will  be 

Parametric  amplifier-convertors  are  applied  in  the  range 
500-2000  MHz,  while  parametric  amplifiers  with  the  circulator  -  in 
the  range  500-5000  MHz.  This  is  explained  by  properties  of  the 
existing  parametric  diedes  and  ty  working  conditions  for  their  ic 
different  diagrams.  From  the  comparison  cf  the  given  above 
expressions  it  is  evident  that  with  the  equal  losses  in  the  ducts 


amplifier-converter  has  tne  amplification 


cnce  more  than  an 


aaplifier  with  the  circulator,  and  consequently,  it  is  more  is  stable 
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in  the  work,  since  the  sane  aapiificatio 
smaller  value  of  the  coefficient  of  rege 
experimental  investigations  it  is  known 
amplifiers  is  provided  kith  the  coeffici 
Amplification  are  10-2C  dB,  passband  -  f 
several  ten  megahertz,  coefficient  of  no 


d  can  be  obtained  at 
Deration,  from  the  t 
that  the  stable  work 
ents  cf  regeneration 
rom  several  megahert 


the 

beory 

cf 

C.6- 

z  to 


and 


0.  8. 


Por  pump  oscillators  are  utilized  reflex  klystrons  and 
magnetrons.  Por  the  effective  work  of  parametric  diode  to  it  it  is 
necessary  to  feed  from  the  generator  cf  pumping  the  power  of  10-1CC 
mV,  but,  taking  into  account  that  in  the  real  constructions  pump 
oscillator  frequently  works  in  the  conditicts  cf  poor  agreement  and 
can  be  utilized  si multanecasly  for  several  amplifiers,  the  is 
desirable  application  cf  pump  oscillators  of  larger  power  (1CC-100C 
mW)  for  guaranteeing  gccc  decouplings  between  different  nodes  cf 
parametric  amplifiers  in  the  overall  structure  cf  receiver.  In  the 
amplifier-convertor  the  oscillations  of  difference  frequency  can  be 
converted  into  the  oscillations  of  intermediate  frequency  in  usual 
mixer,  to  which  are  supplied  si eultanecu si y  the  oscillations  from  the 
high-frequency  heterodyne. 

Page  194. 

Upon  the  appearance  of  amplifiers  with  the  noise  factor; 
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differing  little  fro«  the  unit,  war  introduced  a  somewhat  different 
value  for  measuring  the  sensitivity  -  sua  temperature  T,  connected 
with  the  noise  factor  vith  following  expression  [5.21)]: 

T  =  rj(/i-l). 

where  T0  -  absolute  teiperature  (~iQ0°K)  .  In  the  amplif ier-ccnve ctcc, 
operating  in  the  range  5CC-2C00  «a2,  for  the  pulping  usually  are 
utilized  the  generators  with  the  frequency  on  the  order  of  1C,CC0  MHz. 
fiixers  at  such  frequencies  have  a  factor  cf  ccise  on  the  order  of 
10-12  units,  i.e.,  noise  teaperature  cn  the  order  of  3000°K,  and  this 
■eans  that  this  mixer  to  its  own  temperature  cf  parametric  amplifier 
will  add  certain  value.  Ihe  noise  teaperature  cf  receiver  is  equal  to 


For  decreasing  the  sua  temperature  are  applied  two-stage 
parametric  amplifiers.  If  in  this  diagram  the  first  amplifier  has  the 
same  noise  teaperature  and  the  same  a ipl if icaticn,  then  the  common 
temperature  of  receiving  device  will  be  substantially  less  and 
virtually  is  determined  ty  the  ccise  teaperatcre  cf  the  first  stage. 

For  the  same  reasons  at  the  mere  high  frequencies  is  expedient 
the  use  of  two-stage  paraaetric  amplifiers,  since  one  stage  cf 
regenerative  amplifier,  which  works  directly  to  the  mixer,  has 
sufficiently  large  noise  teaperature.  In  the  twe-stage  amplifier  it 
is  possible  to  obtain  at  these  frequencies  the  noise  teiperature  cn 
the  order  of  300°K  with  the  tandwidth  in  several  ten  legahertz.  As 


pump  oscillator  for  both  stages  it  is  possible  to  utilize  one  common 
generator  on  the  klystron,  which  gives  oscillations  at  frequency  on 
the  order  of  2(^000  MHz . 


§5.9.  IF  amplifiers,  modulators  and  demodulators. 

In  the  equipment  for  tropospheric  radio  relay  lines,  as  in  the 
equipment  for  lines  of  sight,  are  applied  three  types  of  IF 
amplifiers  in  accordance  with  their  purpose:  1)  the  preamplifier  with 
a  small  inherent  noise  level,  included  after  parametric  amplifier  and 
mixer  of  receiver  and  the  ensuring  smallest  factor  cf  the  noise  and 
the  preliminary  amplification;  2)  the  fundamental  amplifier,  included 
after  the  preamplifier  tefore  the  demodulator  and  which  ensures  the 
fundamental  amplification  of  signal,  and  also  necessary  frequency 
characteristic,  bandwidtfc  and  astcmatic  gain  control  for  the 
conditions  of  the  linear  addition;  3)  the  powerful  IF  amplifier,  used 
in  the  transmitter  and  the  ensuring  necessary  signal  level  on  the 
mixer  of  transmitter.  It  should  be  noted  that  in  the  ratio  cf  some 
characteristics  UPCh  as,  for  example,  the  nenunifermi ties  of  the  band 
cf  group  time  lag,  to  the  amplifiers  are  made  somewhat  weaker 
requirements  in  comparison  with  apparatus  of  the  systems  of  direct 
visibility. 
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In  accordance  with  the  recommendations  of  HR  R  B  [ \\KKP~  International 
Radio  Consultative  Committee]  accepted  the  parameters  of  systeas  are 
normalized  to  the  length  cf  line  into  2500/km,  and  in  the 
tropospheric  systeas  up  to  this  distance  falls  5-10  times  less  than 
stations  and  the  capacity  of  tropospheric  lines  is  usually  less  than 
the  passage  ability  cf  lines  cf  sight.  On  the  ether  hand,  received 
signals  on  the  tropospheric  lines  auch  less;  therefore  work  virtually 
cccurs  near  the  threshold  values  of  signal.  Intermediate  frequency 
for  all  amplifiers  of  usually  7C  HHz.  the  factor  cf  amplification  of 
preliminary  and  powerful  amplifiers  -  10-20  dB,  fundamental 
amplifiers  -  80-100  dB  £5.2;  5.3;  £.22]. 

Por  obtaining  the  f requency-mcdulated  oscillations  in 
transmitting  devices  cf  tropospheric  radio-relay  lines  widest  use 
received  the  val ve-reactcr  modulators  and  the  modulators,  in  which 
frequency  modulation  is  obtained  due  to  a  charge  in  the  capacity  cf 
the  semiconductor  diode,  entering  the  duct  cf  the  generator.  These 
modulators  are  simple  in  the  tuning  and  the  operation,  they  are 
stable  from  its  parameters,  they  provide  a  sufficient  linearity  cf 
modulation  characteristic,  necessary  for  the  transmission  cf  a 
relatively  small  number  cf  telephone  channels,  and  the  necessary 
deviation  of  frequency  fer  the  trarsmission  cf  the  signals  cf 
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television  image. 

Foe  obtaining  the  large  deviation  of  frequency  during  stall 
nonlinear  distortions  are  applied  the  special  schematics  of  the 
frequency-modulated  generators  with  the  reactive  tube  [5.2].  the 
tendency  to  obtain  the  large  deviation  of  frequency  and  small  noises 
rt  nonlinear  junctions  leads  to  the  need  of  using  the  tubes  with  the 
large  transconductance,  and  this  is  the  reason  for  an  increase  in  the 
instability  of  average  cscillatcr  frequency  dee  tc  sensitivity  of 
tube  to  changes  in  the  value  of  the  feeding  vcltages  and  ambient 
temperature. 

Recently  begin  to  be  widely  applied  the  generators  of  the 
frequency-modulated  oscillations  with  the  semiconductor  diode- 
varicaps  which  carry  tfce  character  of  the  capacitive  reactance,  which 
depends  on  the  value  of  bias  voltage  [5.1].  These  generators  are  free 
from  the  deficiencies  indicated,  inherent  in  devices  with  the 
reactance  tubes.  Semiconductor  diodes  are  applied  at  frequencies  to 
several  hundred  megaherta.  For  obtaining  the  frequency-modulated 
oscillations  the  diode  is  connected  in  parallel  to  the  duct  cf 
generator  or  parallel  tc  its  part. 

The  measure  for  the  evaluation  of  the  ncrlinearity  of  the 
modulation  characteristic  of  generator  is  the  uniformity  of  the  slope 
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of  this  characteristic,  for  decreasing  nonlinear  distortions  into  the 
oscillator  circuit  is  introduced  tke  twc-circuit  body-fixed  system. 

By  the  selection  of  the  parameters  cf  this  system  into  the  duct  of 
the  generator  is  introduced  this  impedance,  tbat  the  differential 
characteristic  would  be  symmetrical  and  it  world  have  minimum 
nonlinear  distortions. 

Page  196. 

Fig.  5.40  gives  the  schematic  of  this  generator,  while  in  Fig.  5.41  - 
the  characteristic  of  slope  Without  the  duct  and  with  connected 
conpensating  circuit. 

The  decrease  of  nonlinear  distortions  it  is  possible  to  obtain 
with  parallel  connection  cf  two  diodes,  which  work  during  different 
displacement,  i.e.,  those  having  different  dependence  of  capacitance 
on  the  *'oltage.  Displacement  is  selected  in  such  a  way  as  to  ensure 
the  autual  compensation  for  character ist ics  expand  the  limits  cf  a 
change  in  frequency  [5.1]. 

The  demodulators,  used  in  the  equipment  for  tropospheric  lines, 
consist  their  three  basic  parts:  limiter,  FB  discriminator  and  output 
assembly.  Limiter  serves  for  the  elimination  cf  parasitic  amplitude 
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modulation.  In  the  ?M  discriminator  occurs  the  isolation  of  cseful 
communica tion  output  ncde  provides  the  agreement  cf  the  output  of  the 
Ff!  discriainator  with  the  grcup  cr  the  videc  aaplifiers.  For 
obtaining  the  effective  limitation  are  applied  aultistage  liaiters  cn 
the  special  dicdes  which  have  fast  tine  constant  and  low  internal 
resistance  [5.3], 

During  the  liaitatica  at  the  output  of  the  cascades  of  limiter 
appear  the  harmonics  cf  the  sigcal  of  the  intermediate  frequency 
which  cause  in  the  FH  discriainator  the  appearance  of  supplementary 
nonlinear  distortions,  lhese  harmonics  are  filtered  cut  in  the 
special  stage  with  a  gccc  filter,  which  has  flat  passfcand  in  the  band 
cf  operating  frequencies.  Hidest  application  in  the  equipment  for 
radio  relay  lines  found  the  IE  discriminators  with  twc  detuned 
circuits  [5.3]. 
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Fig.  5.40.  Oscillator  circuit  of  f iequency-acdulated  oscillations  on 
dicde  with  compensating  circuit. 


Fig.  5.41.  Change  in  slope  cf  aodulation  characteristic  of  generator 
with  diode:  a)  without  compensating  circuit,  t>  with  coapensating 
circuit. 


Key:  (1).  9Hz . 

§5.10.  Frequency  fixing,  crystal  oscillators,  multipliers,  sixers. 

In  the  equipaent  fci  tropospheric  lines  fcr  the  frequency 
conversion  ars  applied  the  heterodynes  of  high  stability.  High 
stability  is  necessary  sc  that  the  signal  vculd  remain  in  the  center 
of  the  passband  of  the  receiver:  filters,  aiplifiers,  detector,  etc. 
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For  example,  for  the  transmission  cf  60  telephone  channels  the 
circuit  of  intermediate  frequency  must  have  width  of  hand  5-6  MHz ,  if 
in  it  is  not  provided  the  correction  of  phase  responses.  Hith  the  use 
cf  correction  the  band  cf  circuit  can  be  narrowed  tc  2-3  MHz,  and 
during  the  setting  up  cf  thresnold  device  it  can  be  led  to  0.5-0. 6 
MHz .  If  ve  assume  that  the  absolute  instability  of  the  frequencies  cf 
transmitter  and  heterodyne  cf  receiver  can  ccspcse  lOc/o  of  the 
bandwidth,  i.e.,  50-50C  kHz,  then  relative  unstably  cf  frequency  will 
compose  10"*-10"‘  for  the  range  5CC-5000  MHz.  The  necessary  value  cf 
the  high  frequency  with  this  stability  can  te  obtained  by  the  method 
cf  repeated  frequency  iu Itiplicaticn  of  crystal  oscillator.  Curing 
the  development  of  this  sultiplier  should  be  avoided  the  appearance 
cf  frequencies,  which  ccincide  with  the  interiediate  frequency  cr 
close  to  it,  since  they  can  cause  interferences  within  the  equipment 
for  station  itself.  Crystal  oscillator  must  te  assembled  cn  the 
special  quartz  with  a  small  temperature  dependence  and  included  in 
the  thermostat.  To  a  considerable  degree  the  instability  cf 
transmitter  is  determined  by  the  instability  cf  the  medium  frequency 
cf  the  frequency-modulated  geneiatcr,  which  fcr  the  generator  with 
the  reactance  tube  at  the  frequency  of  7C  MHz,  can  be  1C0-2QC  kHz, 
and  for  the  generator  with  tfce  cicde  -  2C-5C  kHz.  In  the 
transmitters,  constructed  according  to  the  block  diagram  with  the 
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powerful  mixing,  this  value  of  absolute  instability  is  transferred  to 
the  high  frequency  and  can  substantially  sake  the  cciacn  instability 
worse  of  device.  Per  obtaining  the  oscillaticcs  of  this  oscillator 
frequency  in  the  practical  diagians  it  works  cn  third  or  higher 
lechanical  crystal  haracrics. 

Pig.  5.42  gives  the  schematic  of  crystal  oscillator  cn  the 
transistors.  The  first  transistor  works  as  amplifier  with  the 
grounded  base  and  the  duct  in  the  circuit  of  collector  the  second  - 
the  emitter  follower  -  it  serves  for  agreeing  of  loads  and  fulfilling 
of  the  balance  of  phases.  All  eleaents  of  generator  consist  into  the 
thermostat,  for  the  cortrol  of  teaperature  cf  which  is  utilized 
bridge  circuit  with  the  thezuistez . 

Por  the  receiving-transaitting  devices  cf  tropospheric  radio 
relay  lines  is  required  frequency  aultiplication  10-100  times. 
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Pig.  5.42.  Schematic  cf  crystal  oscillator. 

Page  198. 

Frequency  multipliers  for  tne  receiving  sixer  where  is  required  the 
power  of  oscillations  1C-1Q0  mV,  are  constructed  according  to  this 
principle:  first  obtain  tie  necessary  power  cf  oscillations  at 
frequencies  of  order  hundred  or  several  hundred  megahertz  in  the 
stages  with  the  usual  tukes  and  on  the  ducts  with  the  concentrated 
constants,  applying  stages  with  duplication  cr  trebling  of  frequency. 
High-frequency  stage  is  acne  on  the  special  high-frequency  tricde 
with  the  coaxial  and  waveguide  circuits.  In  the  transmitters,  where 
the  displacement  is  cccducted  at  the  high  level  and  from  the 
multiplier  is  required  the  power  in  several  watts,  the  stages  of 
iu ltiplication  are  collected  on  the  more  higb-pcwer  tubes,  moreover 
are  applied  several  high-freguency  stages  of  duplication,  for 
obtaining  the  large  power  stages  cf  multiplication  they  can  te 
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combined  with  amplifier  stages. 

Recently  wide  distr ifcufcicn  aeguires  the  method  cf  frequency 
multiplication  of  oscillations  with  the  use  cf  nonlinear  capacitance 
of  semiconductor  diodes  -  varactors  [5.24],  The  major  advantage  of 
such  multipliers  -  high  efficiency,  which  reaches  tc  5Qo/o.  Each 
stage  of  this  multiplier  consists  cf  the  duct  inclined  for  the 
fundamental  frequency,  varactor  itself  and  duct  inclined  for  the 
double  frequency  or  the  frequency,  several  times  large.  There  are  two 
types  of  the  stages:  the  series  diagram  in  which  the  nonlinear 
capacitance  and  ducts  are  connected  in  series  (Pig.  5.43a),  and  the 
parallel  diagram  (Pig.  5\4lb) ,  in  which  the  varactor  is  connected  by 
cne  lead  in  parallel  tc  two  ducts.  The  second  diagram  has  a  ruiiber  cf 
structural  advantages  especially  at  the  tigh  frequency. 

As  the  only  energy  source  fer  this  multiplier  serves  the 
generator  of  input  oscillations. 

In  the  equipment  fer  tropospheric  lines  are  utilized  three  types 
of  the  mixers:  1)  the  lcw-ncise  mixers  with  a  small  the 
high-frequency  signal  level:  2)  mixers  for  the  second  frequency 
conversion  even  3)  powerful  mixers,  nixers  with  a  small  level  cf 
useful  signal  are  established  or  directly  after  the  twc-circuit 
parametric  amplifier  with  the  circulator  (in  this  case  they  operate 
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at  the  frequency  of  arriving  signal  and  are  converted  high-frequency 
cscillaticrs  into  the  ctcillaticns  of  interaeciate  frequency),  cr 
enter  into  the  scheaatic  of  the  paiaaetric  aaplifier  cf  converter  but 
in  which  they  serve  for  the  transf craaticn  cf  the  fluctuations  of  the 
difference  frequency  cf  cf  higher  than  signal  frequency,  intc  the 
cscillaticns  cf  interaeciate  frequency. 
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Pig.  5.43.  The  diagrams  cf  multipliers  cn  the  varactcts:  a)  are 
consecutive,  b)  parallel. 

Page  199. 

These  aixecs  are  fulfilled  in  the  fora  of  coaxial  or  waveguide 
constructions  on  special  aixer  cicdes  and  possess  lew  factor  of  the 
noise  and  by  low  losses  during  the  transformation. 

Mixer  for  the  second  frequency  conversion  is  applied  in  the 
systems  of  frequency  ccntccl  with  an  accuracy  tc  phase  and  in  the 
synchronizing  units  cf  add  system.  These  aixers  work  at  the  level  cn 
the  order  of  0.1-1  7,  they  are  fulfilled  cn  the  tubes  or  the 
transistors;  sometimes  they  ace  collected  on  the  balancing  network 
for  the  suppression  cf  the  second  harmonic,  which  in  the  broadband 
system  it  is  difficult  tc  suppress  by  the  use  cf  some  filters. 
Powerful  mixers  are  installed  in  the  transmitters,  constructed 
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according  to  the  diagraa  c £  powerful  nixing,  they  are  fulfilled  cn 
the  tubes  and  on  the  dicde  aixeis  and  they  car  he  designed  it  the 
fora  cf  coaxial  and  waveguide  constructions  -  Ihe  dicde  nixers  have  a 
factor  of  the  noise  of  1C-20  units.  The  nixers  nost  have  good 
agreement,  otherwise  with  the  work  with  the  parametric  amplifiers 
this  can  lead  to  the  distortion  cf  the  fern  cf  frequency 
characteristic  and  the  appearance  cf  supplementary  transient  noises 
in  the  channels.  Usually  far  elinicating  this  pbencaencn,  and  also 
for  preventing  the  incidence  cf  the  noises  cf  aixer  into  the 
amplifier  and  their  an p lif ication ,  between  paranetric  amplifier  and 
aixer  is  installed  ferrite  gate.  It  the  eguipient  are  applied  the 
nixers  on  one  diode  and  balancing  networks  cn  twe  diedes.  The  latter 
give  the  possibility  scaewhat  iapreve  noise  factor  due  tc  certain 
coapensation  for  the  noises  cf  heterodyne  with  the  balance  of  diodes. 

§5.11.  Devices  for  decreasing  the  threshold  level  ChH  of  receiver. 


In  the  receiver  Cha  of  signals  occurs  the  phene 
"threshold  ChM"  which  appear  as  a  sharp  increase  in 
cutput  of  the  PM  discr iainator  with  the  decrease  of 
ratio  at  its  input  of  lower  than  the  specific  level, 
dependence  of  relation  signal/ncise  at  the  cutput  of 
discriminator  on  the  s ig nai- to- ncise  ratio  at  its  in 
Pig.  5.44.  Curve  1  corresponds  to  usual  Ch(!  tc  recei 


aenon  of 

tne  noises  at  the 
signal-tc- noise 
Graphically  t>e 
the  Ptl 

put  is  shewn  in 
ver.  To  point  A 
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the  relation  noise/signal  at  the  output  linearly  depends  on 
signal-tc-noise  ratio  at  the  input  (for  example,  with  the  decrease  cf 
signal  at  the  input  of  receiver  twc  tiaes  ncise  at  the  output  of  the 
FM  discriminator  it  grows  also  twc  tiaes).  Ir  the  signal-tc-ncise 
ratio  at  the  input  of  the  Ffl  discriminator  below  8-12  dE  this 
dependence  is  disturbed  and  curve  at  first  slowly,  and  then  steeply 
changes  its  slope.  Tbis  region  cn  curve  1  lies  acre  left  point  A. 

Page  200. 

The  threshold  point  A  usually  defines  as  the  point  at  which  the 
relation  noise/signal  at  the  output  of  tbe  Ft!  discriminator  differs 
froa  the  linear  dependence  signal/noise  at  its  input  on  1  dE  [5.25], 
It  should  be  noted  that  curve  1  completely  dees  net  reflect  the 
phenoaenen  of  threshold  and  is  net  considered  its  subjective 
perception.  Thus,  with  the  work  Chs  of  receiver  in  the  threshold 
region  at  the  output  cf  the  FS  discriainator  ret  only  is  perceived  an 
increase  in  the  noise,  tut  also  noises  theeselves  aeguire  by 
different  character  instead  cf  the  flat  ones  scee  they  become  pulse. 
This  sharply  increases  tterr  interference  with  anltichannel  telephony 
and  it  is  net  completely  ccaaensurated  with  tbe  increase  in  the  aean 
power  of  shin,  which  can  he  obtained  with  aeasureaent.  Analogously  is 
received  deterioration  in  the  guality  of  television  image.  In  this 
case  appear  the  black  and  lemon  spots,  which  flicker  cn  entire  screen 
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[5.26].  To  this  one  shcold  add  that  together  with  a  total  increase  in 
the  noise  and  a  change  in  its  spectral  ccapcsiticn  at  the  output  cf 
the  PA  discriminator  is  observed  also  the  noise  suppression  cf  useful 
signal  [5.27],  which  even  acre  aggravates  tbe  threshold  effect  ChM  of 
receiver.  Thus,  the  decrease  of  signal  of  lower  than  the  threshold 
level  leads  to  ccaplete  freak  in  the  cca tunica ticn.  Therefore  a 
decrease  in  the  threshold  level  Chfl  of  receiver  has  fundamental 
importance  for  the  tropospheric  lines  of  cniaunicaticns,  since  signal 
on  such  lines  has  deep  fadings. 

The  power  of  noises,  led  to  the  input  Che  cf  receiver,  and 
consequently  and  threshold  level  depend  cn  the  fcand  cf  circuit  PCh  of 
receiver.  Therefore  the  siaplest  aethod  cf  decreasing  the  threshold 
level  ChM  of  receiver  is  the  decrease  of  this  band.  However,  talc  tc 
the  specific  value. 
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Fig.  5.44.  Dependence  i  — \  co  j  — i  fcr  ChF. 

P:  Uhx  Piu  -  »* 

Page  201. 

At  present  is  already  developed  a  large  quantity  of  devices  fcr 
lowering  in  the  threshold  level  chi!  of  receiver  [5.25)j  it  is 
possible  to  divide  thee  late  two  basic  groups: 

1.  The  so-called  "servo  systeas",  naaely:  device  with  tie 
feedback  in  the  frequency  (OSCh) ,  the  servo  filter,  which  tracks 
heterodyne,  regenerative  frequency  divider,  it  these  devices  the  band 
cn  PCh  is  considerably  narrowed  in  coipariscn  with  the  passbard  usual 
ChS  of  receiver.  In  acccidanca  with  the  aid  of  feedback  here  decrease 
deviation  the  frequencies  of  useful  signal  and,  therefore,  the  width 
cf  its  spectrua.  As  a  result  in  this  systea  decreases  the  power  of 
noises  without  the  power  loss  of  signal  and  thereby  is  decreased  the 
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threshold  level  cf  receiver. 

2.  In  this  group  cf  devices  is  utilized  increase  in  energy  cf 
useful  signal  due  to  local  oscillator.  Ir  this  case  together  kith  the 
frequency  detection  is  applied  phase,  and  fee  decreasing  the 
distortions  of  the  coaaunicatJ.cn  adopted  which  in  this  case  appear, 
is  introduced  negative  feedback  in  the  frequeccy. 

Block  diagraa  Chn  cf  receiver  with  the  feedback  in  the  frequency 
is  depicted  in  Pig.  5 - U 5 .  In  contrast  to  ccnventicnal  superheterodyne 
ChM  of  receiver,  hare  heterodyne  act  with  the  fixed  tuning,  tut  has 
frequency  aodulator.  Ir  this  case  the  frequency  cf  heterodyne  changes 
according  to  the  same  law,  as  tfce  coaaunicaticn  adopted.  For  this 
voltage  from  the  output  cf  frequency  detector  cf  receiver  it  is 
supplied  to  the  frequercy  shift  key  of  heterodyne.  The  sign  cf  this 
voltage  is  selected  in  ssch  a  way  that  the  instantaneous  frequency  of 
heterodyne  would  be  ccphasal  with  the  instantaneous  frequency  cf  the 
comunication  adopted.  Ir  this  case  the  instantaneous  frequeccy  of 
heterodyne  begins  to  fellow  the  instantaneous  frequency  of  input 
signal,  As  a  result  cf  Interaction  two  CfaR  cf  signals  in  the  sixer  is 
foraed  the  signal  of  irtcraediate  frequeccy  with  the  deviation,  equal 
to  a  difference  in  the  ceviaticcs  cf  these  signals.  Such  by  shape, 
the  value  of  the  resulting  deviation  in  the  icteraediate  frequency 
depends  on  the  deviaticr  cf  the  frequency  cf  heterodyne  which,  in 
turn,  it  depends  on  aaccnt  of  feedback. 
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Fig.  5.45.  Bloc  It  diagraa  ChU  of  receiver  with  the  feedback  in  the 
frequency. 

Key:  (1).  Antenna.  (2).  Kixer.  (3)  .  Harrow-band  CPCh.  (4).  Liaiter. 
(5).  Output  of  receiver.  (6).  Heterodyne.  (1).  Frequency  shift  key. 
(8).  Circuit  OSCh.  (9).  Circuit  of  correction. 

Fage  202. 

As  is  known,  minima  band  cf  frequencies,  occupied  by  ChS  by 
signal  on  PCh,  ccaposes  2F,  wbere  f  -  the  highest  frequency  cf  the 
aodulating  signal.  This  cccurs  with  a  saall  index  of  aodulaticn, 
virtually  with  a<0.5.  The  frequency  band  at  the  input  of  receiver 
with  the  large  index  of  icdulatica  is  determined  approximately  by 
expression  [5.25] 

A/5s2(-n-  \)F. 

Proa  this  expression  it  is  evident  that  the  aaxiaua  amount  of 
feedback,  which  can  be  introduced  in  chn  receiver,  is  equal  to  2a.  In 
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this  case  the  index  of  acdulati.cn  in  the  intermediate  frequency  will 
fall  to  0.5.  Then  band  cf  the  transmission  cf  narrow-band  UPCh  can  te 
will  be  brought  to  2F,  i.e.,  to  decrease  is  (a+1)  once.  In  sc  many 
once  it  is  possible  to  lower  the  threshold  cf  pcwer.  This  is 
explained  by  two  fundamental  reasons  [5.28]. 

1.  It  is  known  that  neqative  feedback  (CSCh)  always  expands 
equivalent  band  of  direct  circuit.  This  occurs  also  in  the  systea 
CSCh,  which  leads  to  the  expansion  of  the  equivalent  band  of 
narrow-band  OPCh  and,  therefore,  to  the  less  cf  gain  in  the  threshold 
level. 


2.  On  cha  heterodyne  of  receiver  together  with  NCh  with  signal 
is  supplied  noise  frea  output  cf  frequency  detector.  This  noise, 
interacting  with  the  input  ncise,  forms  the  supplementary  ccapcneots 
which  increase  the  total  power  cf  noise  at  the  input  cf  tne  ft! 
discriminator.  An  increase  in  the  power  cf  tcise  under  the  action  cf 
feedback  causes  the  sc-called  "inherent"  threshold  cf  systea  CSCh. 

The  onset  of  its  own  threshold  limits  the  maxiaui  depth  of  inverse 
tinder.  Therefore  in  practice  in  the  receiver  with  CSCh  amount  of 
feedback  is  taken  less  than  value  2a.  Threshcld  curve  for  Cht*  of 
receiver  with  OSCh  is  given  in  fig.  5.44  (curve  2).  Curing  the 
comparison  of  this  curve  with  tie  threshcld  curve  fer  usual  chn  of 
receiver  (curve  1)  it  fellows  that  the  receiver  with  CSCh  has  smaller 
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threshold  level  (point  B  cn  curve  2)  and  respectively  gain  on  the 
threshold  level  coapcses  the  difference  between  the  signal-tc-noise 
ratios  at  points  A  and  B.  although  receiver  with  CSCh  has  the  test 
threshold  level,  nevertheless  in  the  section  >:-$  occurs  the  linear 
build-up  of  noise  at  its  cutput.  Therefore  in  the  systens  with  OSCh 
for  obtaining  the  high  signal-tc-ncise  ratics  rear  the  threshold  is 
applied  the  large  deviation  of  frequency,  than  in  the  usual  systens. 
The  gain  on  the  threshold  level,  provided  by  systea  OSCh,  is  5-6  dB 
with  the  aaount  of  feedback  12  dE.  Froa  the  ccaparison  of  these 
curves  it  also  fellows  that  in  the  regicr  higher  than  threshcld  the 
receiver  with  OSCh  has  nc  advantages.  Let  us  recall  that  with  the 
signals  of  higher  than  the  threshcld  the  noise  at  the  output  Cha  cf 
receiver  is  determined  ic  by  nonal  band  NCh  cf  circuit. 

Cha  receiver  with  servo  filter  (Fig.  5.46)  differs  from  receiver 
with  OSCh  only  in  tens  cf  the  place  of  the  ccrrecticn  of  the 
frequency  shift  key. 

Page  203. 

In  this  case  under  the  action  of  the  aodulatirg  voltage  is 
reconstructed  the  narrew-tand  filter,  which  fcllcws  the  instantaneous 
frequency  in  the  circuit  cf  broadband  UPCh,  the  passband  of  which  is 
selected  different  dcutled  eabreider  to  the  acdulatirg  frequency. 


DOC 


300251  1  1 


PAGE 


Thus,  according  to  the  result  of  wcrk  this  diagraa  is  analogous  CSCh. 
However,  with  the  practical  fulfillment  the  serve  filter  has  a  number 
of  advantages  in  comparison  with  CSCh.  Pirst,  since  the  value  of 
intermediate  frequency  and  deviation  at  input  and  output  of  filter  me 
are  changed,  then  it  can  be  connected  in  already  finished  Chn 
receiver.  In  -  the  second,  the  servo  filter  is  less  is  inclined  to 
the  self-excitaticn.  Therefore  the  correcticr  of  loop  of  feedback 
considerably  is  facilitated  £5.25],  To  deficiencies  in  the  serve 
filter  should  be  carried  the  essential  nonlinear  distortions  cf  the 
modulating  signal;  however,  with  the  recepticn  cf  TV  signals  this  is 
not  decisive.  The  gain  cn  the  threshold  level,  given  by  receiver  with 
the  servo  filter,  is  virtually  equal  to  the  gain  of  receiver  with 
CSCh. 


Chtl  receiver  with  the  "servo  heterodyne"  [5.29].  in  the 
communicating  systems,  which  use  remote  tropcspheric  propagation,  as 
a  rule,  is  utilized  the  diverse  receptioc.  In  this  case  the  device 
for  an  improvement  in  the  threshold  level  must  be  ccnnectad  tc  add 
system,  i.e.,  feedback  lccp  «ust  net  be  embraced  stages  after  the 
block  of  adding  the  signals.  Puithermore,  device  must  not  be 
sensitive  to  fading  cf  input  signal.  The  requirements  indicated 
completely  satisfies  device  for  an  improvement  in  the  threshcld  level 
-  "servo  heterodyne"  (Fig.  S.«7)  whose  use  is  especially  expedient  in 
the  system  of  the  diverse  recepticn  during  tte  addition  of  signal  tc 


DOC  =  80025111  EiG£ 

the  FM  discriminator.  This  device  is  switched  cn  between  broadband 
OPCh  and  P n  d iscriainatcr  or  receiver  and  consists  of  three  vixers, 
narrow-band  OPCh  and  reference  quartz  oscillator.  The  frequency  of 
received  signal  at  the  cttput  of  fundamental  CPCh  of  receiver  is 
squal  to  fa-  ,  The  frequency  of  reference  quartz  oscillator  is  equal  tc 
The  "servo  heterodyne'1  is  regenerative  device  and  in  the  process 
of  work  signal  frequency  at  its  output  is  equal  to  frequency  at  the 
input,  i.e.,  is  equal  tc  f* 
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Fig.  5.46.  Block  diagraa  ChH  of  receiver  with  the  servo  filter. 

Key:  (1).  Antenna.  (2)  .  fl^ixer.  (3).  Broadband  OFCh.  (4).  Narrow-band 
filter.  (5).  Limiter  and  ChE.  (6).  Qutput  of  receiver.  (7). 
Heterodyne.  (8).  Frequency  shift  key.  (9).  Target  of  correcticn. 

Page  204. 

The  part  of  the  energy  cf  output  signal  is  supplied  tc  the  third 
mixer  where  as  a  result  cf  interaction  with  the  signal  of  reference 
quartz  oscillator  is  fcraed  signal  with  sun  frequency  This 

signal  enters  simultaneously  the  first  and  tc  the  second  mixers,  in 
the  first  aixer  after  interaction  with  the  input  signal  is  formed 
difference  frequency  /k»=  tne  secordly  -  as  a  result  of  the 

subtraction  of  frequencies  h  and  /« ■  again  is  formed  the  signal  with 
initial  frequency  ;a=/r— fKB. 


Let  us  assume  new  that  the  frequency  cf  input  signal  changes  and 
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comprises,  for  example  ;r.  -  A;.  Then  signal  frequency  at  the  output  is 
also  equal  to  /.-.-A/,  on  output  cf  the  third  xixer  the  signal 
frequency  equal  to  -V  But  in  this  case  is  formed  signal  with 
difference  frequency  .  ::  =  —  A/j  —  I'/n-r A/)  and  in  the  second  sixer  - 

signal  with  difference  fraquency  i - V )  — s - ;3 v Af.  Pros  the  given 
example  it  is  evident  that  with  any  changes  it  the  frequency  cf  input 
signal  at  the  output  of  the  first  lixer,  i.e.,  in  narrowband  UPCh 
there  is  always  a  signal  with  constant  frequency  /kb,  tc  the  equal 
frequency  of  reference  oscillator.  This,  first  cf  all,  provides 
adjustment-free  work  of  device  which  gives  tie  possibility  tc  obtain 
in  its  narrow-band  part  signal  with  the  constant  and  fcigh-statility 
frequency. 

In  the  process  cf  frequency  modulation,  i.e.,  with  a  rapid 
change  in  the  frequency,  ccctrs  the  similar  pattern,  i.e.,  in  the 
first  mixer  are  deducted  the  deviations  cf  signals  ;a  and  and  the 
secondly,  where  is  restored  frequency  drift  cf  input  signal,  is 
restored  initial  deviation.  Hcwevei,  with  a  rapid  change  cf  the 
frequency  in  the  first  xixer  nevertheless  it  cces  net  occur  the 
complete  subtraction  of  deviaticns.  The  fact  is  that  in  the  direct 
circuit  of  device  aiwajs  occurs  signal  lag  (in  essence  this  time  lag 
is  determined  by  narrow-tana  UECh) . 


DOC 


300251  1  1 


EJCE 


Y30 


Fig.  5.47.  Block  diagraa  Chfi  of  receiver  with  the  servo  heterayne. 

Key:  (1).  Antenna.  (2).  Mixer.  |3).  Wideband  OPCh.  (4).  Mixer.  (5). 
Narro*-band  UPCh.  (6).  Halter  aDd  DD.  (7).  Output  cf  receiver.  (8). 
Heterodyne.  (9).  Quarts  generator.  (JO).  Serve  "heterodyne". 

Page  205. 

Therefore  delays  the  phase  cf  acdulation  of  substances  signal  vith 
frequency  ;f  at  the  input  cf  the  first  sixer  relative  tc  cf 
aodulation  in  the  input  sigral.  As  a  result  it  the  first  aixer  the 
deviation  decreases  although  vary  strongly,  net  tc  zero.  In  this  case 
the  deviation  decreases  the  greater,  the  lever  the  acdulatirc 
frequency,  since  for  the  siallei  fiequencies  ccccrs  saaller  phase 
shift.  In  the  second  aiier  fer  all  acdulating  frequencies  the  initial 
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deviation  is  restored. 

From  the  description  c t  tne  operating  principle  it  is  evident 
that  the  "servo  heterodyre"  is  device  with  tvc-lccp  feedback  in  the 
frequency,  moreover  in  the  eiternal  loop  (tc  the  first  mixer)  is 
realized  negative  feedback,  aid  in  the  irterral  lccp  (to  the  second 
mixer)  -  positive.  As  a  result  it  is  obtained,  that  entire  device 
relative  tc  input  and  output  not  at  all  included  ty  ccnnecticc  with 
any  sign.  This  makes  the  "servo  heterodyne"  free  from  the 
deficiencies  cf  osch  and  the  analogous  devices  i.e.,  here  is  net 
required  the  correction  cf  feedback  loops,  is  net  expanded  the 
equivalent  band  of  narrev-tard  Q  EC  h,  and  therefore  it  is  possible  tc 
completely  realize  gain  in  the  threshold  level.  Furthermore,  here  it 
does  not  appear  its  our  threshold  cf  feedback,  and  therefore  it  is 
possible  tc  ensure  the  significant  decrease  cf  the  deviation  cf  the 
frequency  cf  received  sicnal.  This  device  with  the  identical  success 
works  both  with  the  reception  cf  TH  signals  atd  signals  multichannel 
telephony. 

First  type  threshold  devices  include  alsc  regenerative  divider 
[5.25],  However,  as  a  result  cf  the  mere  ccvplicated  design  it  did 
not  have  extensive  application  in  Chff  receivers. 


ch H  receiver  with  the  regeneration  cf  carrier.  As  has  already 
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been  indicated  above,  fcr  decreasing  the  threshold  level  in  the 
second  group  of  devices  is  utilized  the  energy  cl  lccal  oscillator. 
In  this  case  the  voltage  tic*  it  is  introduced  into  the  circuit  of 
intermediate  freguency  tc  the  limiter,  and  its  frequency  and  phase 
are  adjusted  slightly  eith  the  aid  of  the  syste*  cf  phase  automatic 
frequency  control  (PAPCh)  tc  the  ccincidence  vith  the  carrier  cf 
received  signal.  Block  diagram  Cha  cf  receiver  uith  the  cophasal 
regeneraticn  of  carrier  is  shout  in  Fig.  5.48. 
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Fig.  5.48.  Block  diagraa  Che  of  receiver  with  the  regeneration  of 
carrier. 

Key:  (1).  Antenna.  (2).  Sixer.  (3).  Broadband  UECh.  (4).  Liaiter  and 
ChD.  (5)  .  Output  of  receiver,  (t)  .  Jf^requency-icdulated  hetercdyne. 
(7).  Phase  discriainat cr .  (8).  j^requency-aodulated  hetercdyne.  (9). 
circuit  osch.  (10).  Filter. 

Page  206. 

As  it  is  noted  in  work  [5.25],  for  the  undistcrted  reception  ChM  cf 
signal  with  the  aid  cf  this  device  it  is  necessary  to  satisfy  two 
conditions:  1)  the  index  cf  icdulation  aust  fce  considerably  less  than 
the  unit  and  2)  voltage  frca  the  reference  cscillatcr  is  considerably 
■ore  than  the  carrier  cf  the  coiaunicaticn  adopted.  For  satisfaction 
cf  the  first  condition  is  applied  the  described  above  feedback  in  the 
frequency.  As  is  known,  any  synchronous  detection,  i.e.. 


detection 


DOC  =  800251  1  1  FACE 

with  the  use  of  reference  voltage,  is  without  threshold.  However,  in 
this  case  reference- vc ltage  source  is  subjected  to  external  effect, 
since  systea  FAPCh  cannct  work  in  any  signal-tc-noise  ratio  at  its 
input.  This  leads  to  the  disturbance  of  the  irphase  state  of  voltages 
and,  consequently,  alsc  to  tie  disturbance  cf  the  process  of  the 
isolation  of  useful  signal.  Therefore  gain  cn  the  threshold  level  in 
this  systea  is  liaited  practical  by  the  value  cf  10-13  dE.  Another 
version  of  the  described  height  systea  is  depicted  in  Fig.  5.48.  Here 
for  the  detection  ChH  cf  signal  is  utilized  systea  FAPCh.  Moreover 
voltage  from  the  reference  oscillator  is  introduced  cophasally,  but 
orthogonally  with  carrying  Cha  cf  signal.  For  decreasing  the  index  cf 
sodulaticn,  and  also  decrease  of  parasitic  aiplitude  modulation  is 
introduced  the  circuit  CSCh. 

To  the  advantages  cf  synchronous  phase  detection  should  be 
carried  also  the  absence  of  the  overshoots  cf  ncise  with  the  work  in 
the  threshold  region,  i.e.,  the  character  of  shia  at  the  output  of 
the  phase  discriminator  does  not  change  in  any  signal-tc-noise  ratios 
at  its  input. 

Froa  the  short  description  of  systeas  for  an  iaproveaent  in  the 

threshold  level  it  is  possible  tc  draw  the  cctclcsicn  that  the  most 

adequate  threshold  device  for  the  use  on  trcpcspheric  BRL  is  the 

"servo  heterodyne",  which  provides  the  greatest  gain  cn  the  threshold 
level,  it  i3  insensitive  to  the  instability  cf  the  frequency  cf  input 


signal  and  changes  in  its  level,  furtherscre,  it  can  be  used  in  the 
system  of  the  addition  cf  signals  in  the  intermediate  frequency. 
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Pig.  5.49.  a  block-diagraa  Chi!  of  receiver  with  the  phase  detection. 


Key:  (1).  Antenna.  (2).  Hirer.  (3).  Broadband  DPCb.  (4).  Phase 
discriminator .  (5).  Output  of  receiver.  (6).  frequency 

nodulated  heterodyne.  (7).  Filter.  (8).  Circuit  CSCh. 

Page  207. 

§5.12.  Construction  cf  group  circuit. 

TRL  allow  multipleiing  high-frequency  shaft  with  the  aid  cf  the 
standard  nultichannel  equipment  with  frequency  channel  separation,  in 
accordance  with  this  the  group  circuit  of  syste®  Bust  pass  the 
frequency  band  for  12  channels  12-tO  kHz;  for  24  channels  -  12-108 
kHz;  for  60  channels  -  12-252  khz  and  for  120  channels  -  12-552  kHz 


or  60-552  kHz.  Since  link  between  operators  cr  the  tropospheric  lines 
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is  organized  in  the  sate  fundamental  telephone  shaft,  then  in  the 
hand  of  frequencies  cf  t he  group  circuit  of  system  is  provided  for 
place  for  distribution  cf  official  channels.  For  increasing  the 
effectiveness  of  link  between  operators  it  is  possible  to  create 
several  official  channels  the  bands  cf  fcequetcies  cf  which  are 
placed  above  and  below  the  band,  occupied  by  telephone  channels. 

In  the  equipment  TEL  independent  of  apparatus  cf  multiplexing  is 
realized  the  continuous  inspection  of  furdaaettal  qualitative  indices 
cf  channels,  namely:  the  control  of  overall  line  attenuation  cf  group 
circuit  and  noise  level  in  the  channels.  For  the  checking  in  the 
group  circuit  are  created  the  acnatcring  chattels  bands  of 
frequencies  of  which  are  placed  above  and  belcw  band  edges,  occupied 
by  telephone  channels. 

The  version  of  the  distribution  of  the  band  cf  frequencies  in 
the  group  circuit  of  the  systea  of  the  tropcspheric  ccaaunication , 
which  works  with  the  standard  eguipaent  for  multiplexing  K-6G  tc  6C 
telephone  channels  is  given  in  Jig.  5.50.  The  block  diagram  cf  the 
construction  of  group  circuit  is  it  connection  with  this  case  given 
in  Fig.  5.51.  the  transacting  part  of  the  group  circuit  begins  frci 
the  line  transforaer  LT  fcr  the  transiticn  frca  the  balanced  cable  tc 
the  asyaaetric  diagram. 
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Pig.  5.50.  Distribution  c £  tie  frequency  bands  in  group  channel. 

Key:  (1).  Service  channel  1.  (2).  Cent,  channel  1.  (3).  60  channels. 

(4)  .  Service  channel  2.  (5).  Cert,  channel  2. 
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Fig.  5.51.  Bloch  diagra*  cf  ccnstruction  cf  group  circuit. 


Key:  (1).  Transmitting  part.  (2).  to  mod ulatcr.  (3).  from 
denod  ulator. 


Page  208. 

Por  the  natched  connection  and  the  decoupling  cf  the  circuits  cf 
equipment  for  au ltip lexi eg,  generators  of  pilct  freguencies  and 
equipment  of  official  channels  serves  the  matching  device  SO.  In  TBL 
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in  accordance  with  the  recommendations  of  MR  K  R  are  applied  the 
predistortions  of  group  signal,  which  makes  it  possible  to 
significantly  lower  the  ECise  level  in  the  upper  channels  due  to  the 
equalization  of  noises  along  the  channels.  In  the  group  circuit  on 
the  side  of  transmission  this  is  accomplished  by  the  pre-distcrting 
duct  or  by  the  duct  of  preliminary  slope  REK-1,  and  on  the  side  of 
the  reception  equalization  of  signal  it  is  conducted  by  the  restoring 
duct  KPN-2. 

If  equipment  for  multiplexing  is  located  at  a  great  distance 
from  the  station  of  racic  relay  lice,  then  cn  the  input  of  group 
circuit  is  installed  linear  group  amplifier  LC  with  the  linear 
equalizer  LV  for  the  equalization  of  the  frequency  characteristics  cf 
couplinq  cables  and  the  variable  extender  DC  fcr  guaranteeing  the 
nominal  level  at  the  input  cf  the  modulator  cl  transmitter.  In  the 
group  circuit  on  the  side  of  reception  are  connected  fcllcwirg 

t 

elements  _  K  filter  <F-K)  ,  which  leeks  currents  cf  lcwer 

official  channel,  restoring  duct  KFN-2,  group  amplifier  5D, 
distributor  BO  fcr  the  branching  of  upper  official  channel  and 
monitoring  channels.  At  the  cutput  cf  the  grccp  circuit  before  the 
equipment  for  multiplexing  are  switched  cn  the  filters  *.*— K  and  F  n 

if 

the  locking  currents  cf  monitoring  channels  acd  upper  official 
channel,  after  filter  car  be  established  the  linear  amplifier  LU  and 
balancing  transfcrmer. 
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At  the  transit  exchanges  where  is  necessary  the  isclaticn  of  the 
part  of  the  channels,  ictc  the  diagram  cf  greep  circuit  additionally 
are  introduced  the  filters  and  differential  systems.  Group  axplifiers 
differ  little  free  the  aiplifiars,  used  in  the  usual  radio  relay 
equipment  and  in  the  equipment  fer  sulti pleiirg.  Are  utilx2ed  the 
amplifiers,  assembled  teth  cn  the  tubes  and  cc  the  transistors.  Group 
amplifier  must  provide  the  amplification  of  the  signals  cf  greup 
frequencies  to  the  assigned  value,  which  corresponds  to  coupling 
levels  with  the  equipment  fer  multiplexing,  ard  also  compensate 
losses  in  the  elements  cf  greup  channel  and  the  coupling  lines. 
Amplfier  must  provide  identical  amplification  in  the  band  cf 
frequencies  of  the  group  circuit  with  the  output  stability  cf  overall 
line  attenuation  and  minimum  notlinear  distortions.  For  fulfilling  of 
these  requirements  in  the  group  amplifiers  is  applied  negative 
feedback.  The  ducts  cf  pxedistertions  KF1-1  and  knp  2  are  fulfilled 
in  accordance  with  the  recommendations  of  BKKR.  In  Fig.  5.52  are 
given  their  frequency  characteristics.  Ducts  are  designed  so  that  cn 
the  thermal  noises  they  give  gain  for  the  upper  channel  in  4  dE. 

In  the  systems  cf  the  tropospheric  lines  cf  communications  lower 


official  channel  usually  is  intended  for  the  communication  between 
the  adjacent  stations. 
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Page  209. 


High-frequency  official  channel  in  the  group  spectrum  occupies 
the  band  cf  higher  that  the  serwice  band  of  channels,  and  cn  the 
quality  it  is  considerably  higher  than  the  lc e  —  f requency  official 
channel  and  therefore  it  is  utilised  for  the  communication  along  the 
entire  line.  The  foraaticn  cf  this  channel  is  realised  somewhat  by  a 
simpler  method  than  chanreling  ih  the  eguipsect  fee  multiplexing.  For 
the  transaission  cf  signals  in  the  upper  official  channel  is  utilized 
the  method  of  the  amplitude  modulation  of  carrier  high-frequency 
oscillations  with  the  isclaticn  of  one  lateral  frequency  hand. 
Single-band  transmissicr  is  realized  by  a  method  cf  two-phase 
modulation  [5.30]  of  the  carrying  oscillations  in  the  so-called 
phase-difference  diagraa  in  Fig.  5.53a. 
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Pig,  5.52.  Frequency  characteristics  of  the  dccts  of  predistcrtion 

Key:  (1).  dB.  (2).  Frequency  characteristics  cf  ducts  of 
predistortions.  1  ■<  _Z_  » 


Fig.  5.53.  Block  diagraa  (a)  and  vector  diagram  (t)  cf 
phase-difference  mcdulaticn. 
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Page  210. 


Diagram  consists  ct  two  tranches,  united  with  the  aid  of  the 
adapters  into  one  systei  wmch  iuifills  two  functions:  1)  converts 
audio  signals  into  the  signals  ct  high  frequency  on  the  side  of 
transmission  and,  on  the  contrary,  the  signals  cf  high  frequency  - 
into  the  signals  of  low  frequency  cn  the  side  cf  reception;  2) 
isolate  one  sideband,  suppressing  in  this  case  the  second  sideband, 
which  is  formed  in  the  process  ct  conversion,  and  the  carrier 
frequency . 

Diagram  works  as  fellows,  ibe  phase-shifting  circuits  cf  low 
frequency  FKNCh  provide  shift  by  9C°  for  any  frequency  in  the  band  cf 
operating  frequencies  at  output  cf  one  relative  to  the  output  of 
another.  Two  circular  frequency  cerverters  KFCh  utilize  a  voltage 
from  one  source  of  the  carrying  cscillat iens ,  but  with  phase  shift  on 
90°.  The  rotation  of  phase  is  realized  in  one  cf  the  tranches  with 
the  aid  of  the  phase  circuit  of  high  frequency  FKVCb.  To  the 
low-frequency  input  of  diagram  is  supplied  the  signal  cf  tone 
frequency,  which  in  the  differential  system  CS  is  divided  into  two 
equal  in  magnitude  parts.  In  each  branch  the  signal  obtains  phase 


DOC 


300251  12 


E  AGE 


shift  and  undergoes  high-frequency  conversion.  As  a  result  at  the 
output  of  each  branch  are  obtained  two  side  frequencies,  arranged 
symmetrically  relative  tc  toe  carrier  frequency.  Outputs  of  both 
tranches  are  united  witt  the  aid  of  the  adapter  PC,  forming  the 
twin-lead  high-frequency  output  of  diagram.  At  the  output  cf 
phase-difference  diagram  side  rreguencies  of  toth  tranches  are 
summarized.  In  this  case  as  a  result  of  phase  shifts  in  the  tranches 
of  diagraa  by  90°  in  the  low  anc  nigh  current  frequencies  the  passed 
side  frequencies  coincide  in  the  phase  and  add  up,  whereas  the 
currents  of  the  delayed  side  frequencies,  shifted  relative  tc  each 
other  on  180°,  are  eliiirated.  Eig.  5.53t  gives  the  vector 
performance  record  of  p h ase- a  if ference  diagraa.  Vectors  I  and  II 
depict  the  oscillations  cf  the  carrier  frequency:  1,2,  and  3.4  - 
vectors  of  side  frequencies.  At  the  output  cf  diagram  the  vectors  cf 
side  frequencies  add  up  in  accordance  with  the  vector  diagram. 

Vectors  1  and  3  add  up,  end  2  and  4  whose  phases  differ  by  18C°,  are 
eliminated.  The  carrier  frequency  in  the  phase-difference  diagram  is 
suppressed.  Degree  of  the  suppression  of  lateral  ones  -2.5  Np  in  the 
circular  frequency  converter.  Analogously  phase-difference  diagram 
works  on  the  side  of  reception,  in  this  case  in  the  diagram  is 
conducted  rephasing  cf  cne  cf  the  tranches  cn  180°. 


For  supplying  the  signals  cf  upper  official  channel  intc  the 
group  circuit  to  the  diagram  it  is  added  by  CVCh,  voltage  from  output 
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of  which  is  supplied  tc  tae  matching  device,  and  then  to  the 
modulator.  On  the  side  cf  reception  between  the  output  cf  group 
amplifier  and  the  phase-difference  diagram  also  is  switched  on  the 
high-f requency  amplifier. 

For  the  inspection  of  fundamental  qualitative  indices  cf  the 
communication  channels:  overall  line  attenuation  cf  group  circuit  ard 
noise  level  in  the  chattels  in  the  the  group  circuit-prcvides  for  two 
monitoring  channels  cn  the  edges  of  the  line  spectrum  of  frequencies. 

Page  211. 

Frcm  cf  the  transmitting  pert  i ate  the  line  are  supplied  with  fixed 
level  the  currents  of  pilct  frequencies.  At  receiving  end  in  the 
group  circuit  are  installed  the  special  receivers  of  the  monitoring 
channels  in  which  is  made  level  measurement  cf  the  currents  cf  pilot 
frequencies,  for  the  ccttrcl  of  the  stability  cf  the  amplification  of 
group  circuit  and  level  measurement  of  the  pscphcmetric  power  cf 
thermal  and  transient  nciaes,  led  to  the  point  with  the  zero  relative 
level.  Monitoring  channel  (Fig.  5.54)  frcm  the  line  spectrum  cf 
frequencies  is  isolated  with  the  aid  of  input  hand-pass  filter  PF  and 
it  is  amplified  by  high-frequency  amplifier  UVCh.  Filter  and 
amplifier  are  tuned  respectively  rcr  the  frequency  cf  upper  cr  lcwer 
monitoring  channel.  Pilct  frequency  is  detected  by  detector  CFtCh  and 
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cn  the  constant  component  of  detector  according  to  the  instrument 
IKCh  they  judge  the  statility  oi  overall  line  attenuation.  To  the 
output  of  amplifier  for  tae  isolation  of  noise  is  connected  the 
detector  DSh  with  the  lev-pass  filter  FNCh.  Eeceiver  circuit  cf 
monitoring  channels  in  the  part  of  the  isolation  cf  noises  is 
constructed  according  tc  the  usual  principle  cf  the  reception  of  the 
amplitude-modulated  signals,  iiidth  of  band  cf  check  receiver  is 
equivalent  to  the  band  cf  telepcone  channel.  Noises  after  filter  are 
amplified  by  low-frequency  aiplifier  ONCh,  are  detected  D  and  they 
are  measured  by  instrument  flSh.  Monitoring  channels  are  utilized  also 
for  determining  the  transient  ncises  in  the  group  circuit  cf  line 
independent  of  equipnert  for  multiplexing  [5.4  \  For  this  real 
multichannel  signal  is  replaced  ty  test  signal  with  the  uniform 
spectrum  -  "white  noise".  The  freguency  spectrum  of  test  signal  is 
equal  to  the  frequency  spectrum  multichannel  communication.  Energy  cf 
white  noise  directly  dees  net  fall  into  the  scnitcring  channels, 
since  they  are  located  above  and  below  this  spectrum,  into  the 
channels  fall  the  products,  wnich  appear  as  a  result  cf  the 
nonlinearity  of  the  characteristic  of  circuit.  The  power  level  of 
test  signal  must  exceed  the  measuring  level  cf  cne  channel  fee  24 
channels  on  4.5  dB,  for  fcO  chancels  -  on  6.1  dE,  for  120  channels  - 
cn  7. 3  dB. 

For  the  creation  of  test  signal  in  the  equipment  is  provided  fer 
the  generator  of  "white  coise"  with  the  filters,  which  cut  from  the 

uniform  noise  spectrum  cf  the  regions,  which  correspond  tc  the  line 

spectrum  of  different  seal  systems. 
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Fig.  5.54.  Slock  diagram  of  the  receiver  cf  icnitcring  channels. 

Page  212. 

§5.13.  Equipment  of  electric  pcwer  supply. 

In  the  absence  of  external  reliable  electric  systems  it  is 
necessary  to  resort  to  the  creaticr  of  self-ccrtained  power  plants 
for  each  point.  All  the  equipment  is  distributed  in  such  a  way  that 
the  half  high-frequency  shaft,  cr  as  is  accepted  to  speak  -  cue 
subassembly,  works  from  cne  electric  power  source,  the  second 
subassembly  -  from  the  second  scurce.  During  the  malfunction  cf  one 
source  the  efficiency  cf  station  is  retained,  tut  qualitative  indices 
deteriorate  -  instead  cf  the  quadrupled  reception  there  remains  cnly 
doubled.  Table  5.1  gives  the  diagrams  of  the  possible  combinations  cf 
different  electric  pcvei  sources  with  the  equipment  fcr  the  transit 
exchange  of  tropospheric  radio  relay  line  tc  different  number  of 
shafts  and  different  pcwer  cf  transmitters.  In  this  diagram  cc-A-20:*  - 
diesel-generator  installation  with  the  flywheel  tc  pcwer  20  kVA, 
DGA-48  and  DGA-75  -  installation  cn  48  kVA  and  75  kVA.  DG  -  slew 
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diesel  generator. 

At  the  stations  find  wide  application  the  automated 
diesel-generator  instal laticrs  and  converters  with  the  inertial 
flywheel  with  the  remote  control,  kith  the  emergency  into  the  work,  is 
started  another  installation  and  is  given  signal  about  the  need  ter 
repair  personnel's  call.  Operation  of  staticr  with  the  impaired 
indices  occurs  for  a  period  of  time,  necessary  for  starting  emergency 
ser vice. 

Receiver  for  the  quadrupled  reception  requires  for  the  feed  the 
power  of  the  order  of  several  Kilowatts.  Much  energy  departs  to  the 
feed  of  television  equipient,  apparatus  for  multiplexing  or 
isolation,  monitoring  and  measuring  equipment,  for  the  coclirc, 
heating,  ventilation,  anc  also  tc  the  personal  needs  cf  personnel, 
who  operates  station  and,  etc.  Ibe  power,  necessary  for  the  feed  cf 
one  station,  can  oscillate  from  60  to  20C  kk. 
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Table  5.1. 


•'  r- 
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Key:  (1).  Block  diagram  cf  installation.  (2).  Short  characteristic. 
(3).  network.  (4).  switch/ccmmutatcr.  (5).  Number  of  shafts  -  1-2; 
power  of  transmitter.  (6).  kb.  (7).  pcs.  (8).  shaft;  power  of 
transmitter.  (9).  Main.  (10).  Eackup.  (11).  shaft. 

Page  214. 

§5.14.  Fundamental  given  and  fclcck  diagram  of  six-ten-channel 
tropospheric  radio  relay  equipment. 

As  an  example  of  the  construction  of  the  system  of  tropospheric 
radio  relay  conmunicat icn  let  us  examine  fundamental  data  and  block 
diagram  of  one  of  the  types  ct  Soviet  equipment. 

Operational  frequencies  band  -  800-1000  MHz.  Capacity  of 
high-frequency  shaft  -  60  telephone  channels.  For  the  repeated 
reception  is  utilized  the  system  of  the  quadrupled  reception  with  the 
diversity  of  signals  ic  the  space  and  in  the  frequency.  System  of 
addition  -  combined:  the  doubled  reception  with  the  addition  in  the 
intermediate  frequency  and  the  quadrupled  reception  with  the  addition 
in  the  group  freguency.  system  is  relied  cn  the  fulfillment  cf  the 
recommendations  cf  HKKB  to  qualitative  indices  of  telephone  channels 
for  the  line  with  a  length  of  ifOO  km.  Fcr  organizing  the  link 


DOC  =  30025112 


PAGE 


between  operators  in  the  equipment  are  provided  two  official 
channels.  Antenna  is  made  in  the  form  of  the  segment  cf  the 
paraboloid  of  revolution,  irradiated  from  the  pcint  of  focus  by 
single  hern  feed. 

Antenna  gain  in  the  free  space:  44  dE  fer  the  airrer  with 
dimensions  of  20x20  b,  48  dE  fer  the  airror  with  dimensions  cf  3 0  x 3 C 
a.  Power  of  transmitter  -  3  kti. 

Noise  temperature  cf  receiver  with  the  parametric  amplifier  at 
the  input  -  300°K. 

Bodulation  -  is  frequency. 

Effective  value  cf  the  deviation  of  fregcency  cn  the  measuring 
level  cf  cne  channel  -  ICO  kHz. 

Bandwidth  of  the  frequencies  cf  the  receiver  and  transmitter  -  6 

8Hz. 


Is  utilized  crystal  ccntrol. 


Equipment  for  multiplexing  -  K-60.  Eana  cf  frequencies  cf  the 
group  circuit  -  12-252  khz. 
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Input  and  output  resistance  cf  group  circuit  -  135  ohms. 
Measuring  level  of  one  channel  -  C.55  Np. 

The  feed  of  eguipmett  is  conducted  from  the  automated 
diesel-generator  installations  of  the  type  IGA-46. 

Pig.  5.55  gives  general  vie*  and  blcck  diagram  of  transmitter. 
For  the  connection  of  the  transmitting  and  receivers  with  the 
equipment  for  multiplexing  and  ler  the  introduction  to  the  group 
circuit  of  official  channels  and  pilot  frequencies  in  the  assembly  of 
equipment  is  provided  t t t  special  stand  cf  lev  frequency.  The  signals 
multichannel  com munica t icn  frem  equipment  for  multiplexing  ccme,  the 
strut  cf  lev  frequency  tc  the  elements  of  the  group  circuit  cf 
transmission  FT-..,  of  the  corresponding  direction.  In  the  group 
circuit  cf  transmission,  as  it  was  shown  earlier,  are  installed  the 
matching  extenders,  the  circuits  cf  predistertiens,  etc.  Frcs  the 
strut  of  low  signal  frequency  multichannel  communication,  united  with 
the  signals  of  official  channels  acd  pilot  frequencies,  are  supplied 
on  modulator  M  of  two  drivers  wticn  with  the  werk  are  connected  with 
one  of  the  modulators,  tj  the  second  it  is  stand-by.  Switching  is 
realized  by  switching  system  £(J.  The  frequercy-mcdulated  oscillations 
from  switching  systems  ara  supplied  on  OECh,  and  then  to  the  mixers 
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C;.:.  which  cone  the  osciilaticus  from  multipliers  >.. 
the  crystal  oscillators  KG.  After  band-pass  filter  EF 
high-frequency  oscillations  are  supplied  to  the  input 
amplifier  MO.  On  the  given  block  diagram  are  civen  on 
fundamental  nodes  of  equipment.  After  powerful  amplif 
installed  ferrite  gate  FV,  filter  of  harionics  FG  and 
coupler  HO.  To  the  directional  coupler  is  ccncected  t 
checking  the  parameters  cf  transiitter.  High-f requenc 
the  output  of  transmitter  cn  the  waveguide  is  supplie 
antenna  feeder.  Each  transmitter  works  or  its  antenna 


excitable  from 
the 

cf  powerful 
ly  the 

ier  klystron  is 
directicna  1 
he  monitor  for 
y  energy  from 
d  to  the  hern 


I 


Key:  (1).  Driver.  (2).  Fcwerful  aaflifier.  (3).  Strut  of  low 
frequency. 
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Pig.  5.56.  Receiving  strut  and  system  block  diagram  of  quadrupled 
reception . 

Key:  (1).  Receiving  stand.  (2).  Stand  of  addition.  (3).  Receiving 
stand. 

Page  217. 


DOC  =  80025112 


F1GE 


The  separation  of  transsissicn  and  reception  is  realized  by  the  use 
of  different  polarization  in  the  artenna  feeder.  Siaveguides  from  the 
transmitter  and  the  receiver  are  connected  tc  the  ccnon  irradiatcr 
through  the  polarizaticnal  selector  PS.  The  system  cf  the  quadrupled 
reception  consists  their  three  struts:  two  struts  of  the  doubled 
reception  (Fig.  5.56)  kith  the  addition  cf  the  signals  in  the 
intermediate  freguency  and  of  the  strut  cf  addition  for  quadrupling 
in  the  low  frequency  cf  the  it  pairs  folded  signals,  in  each 
receiving  strut  both  input  parts  are  inclined  fcr  one  operating 
frequency.  From  one  receiving  antenna  the  signals  accepted  are 
supplied  through  separation  filter  BF,  which  divides  the  signals  of 
two  frequencies,  tc  tve  receivers,  located  in  different  stands;  from 
another  antenna  -  to  twc  aocther  receivers.  High-frequency 
oscillations  from  separation  filters  „hrcagh  the  ferrite  gate  FV  are 
supplied  to  the  parametric  amplifier-converter  F0,  where  they  are 
amplified,  and  also  thej  are  converted  into  the  oscillations  cf 
intermediate  frequency.  Fcr  both  parametric  amplifiers  of  one  strut 
is  utilized  the  common  generator  cf  pumping  GF.  The  conditions  of 
linear  addition  in  each  strut  is  provided  by  parallel  automatic  gain 
control  -  ABU.  For  the  tuning  of  the  phases  cf  the  added  up 
vibrations  is  utilized  the  phase  discriminator  FD,  connected  with  the 
outputs  both  UPC h ,  and  the  phase  modulator  FA,  connected  tetweer.  the 
crystal  oscillator  KG  anc  cne  of  the  multipliers  U.T.  Folded  in  the 
stages  of  addition  G.%  signals  from  the  struts  cf  the  dcubled 
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reception  are  supplied  tc  two  demodulators  D  cf  the  stand  of 
addition,  in  which  the  addition  is  realized  in  the  low  frequency  in 
the  stage,  which  consists  or  two  cathode  followers  with  the  total 
load.  Control,  of  the  aras  cf  cathode  follower  is  realized  by 
amplifiers  cf  noise  OSh.  The  folded  in  the  lew  signal  frequency 
through  the  g r <A u p  amplifier  GU  are  supplied  the  group  circuit  of 
reception  ry  of  the  strut  cf  lew  frequency,  and  then  enter  the 


terminal  equipme 


f or  ■ 

"V 


ultiplexing, 


The  isolaticn^of  monitoring  channels  is  conducted  in  the 
receivers  of  the  md'nitcring  charnels  of  the  strut  of  the  low 

t 

frequency,  in  which ^alsc  are  isolated  official  channels  and  are 

< 

installed  the  talk-cHl  equipxeit  EVU. 


For  the  inspection  cf  qualitative  indices  cf  receiver  there  is  a 
special  meter  panel,  which  imitates  transmitter  and  which  consists  of 
the  mixer,  the  heterodyne,  the  frequency  shift  key  and  ether 
accessories.  Signals  from  this  strut  can  be  mixed  into  the  receiving 
circuit  through  the  directional  coupler  to  separation  filter  or  after 
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Chapter  6. 

CALCULATION  OF  LISES  LIE  DUBING  THE  TRANE8ISSICN  EOITICHANNEI 
TELEPHONY  AMO  EINAEY  lAECBflAIICA. 

56.1.  Introduction.  Noras  tc  tne  channel  for  the  lines  ETR. 

The  coramunica ticn  channel  aust  ensure  the  transmission  cf 
communications  frcm  the  trarsaitter  tc  the  recipient  with  the 
assigned  magnitude  of  reliability  and  distortions.  The  reliability  cf 
the  communication  channel  quantitatively  can  te  deterained  ty  the 
ratio  of  the  time  of  the  exact  %crk  cf  ccmmcricaticn  »B  tc  ertire 
cperating  tiie  of  lire  TV 

« _  __  Ta  —  . 

— - - ,  vu..) 

*  a  *  a 

where  tn  -  total  time  cf  the  breaks  of  communication  independent  cf 
reasons,  its  caused.  Cr  usual  type  radio  relay  lines  reliability  in 
essence  it  is  deterained  ty  breakdowns  of  equipment  cn  the  points  for 
line  and  with  the  appreciate  redurdancy  it  can  be  made  as  tc  close 
one  as  desired  tc  the  ciit.  Cn  the  radio  relay  lines  cf  DTF  the 
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breaks  in  the  tr ansmissicn  cf  information  are  possible  even  during 
the  ideal  functioning  cf  equipment.  These  breaks  depend  on  the  randcm 
fluctuations  of  siqnal  level  at  the  point  of  reception  as  a  result  of 
the  rapid  and  slow  fadings.  Sith  the  drop  in  the  signal  at  the  input 
cf  receiver  in  lever  than  certain  value  aBop  ir  tfce  communicating 
system  will  begin  the  threshold  cf  the  isolation  cf  communication  and 
the  transaission  cf  infccaaticn  will  be  discontinued .  Since  the 
probability  of  this  event  even  during  the  use  cf  the  diverse 
reception  is  not  equal  to  zero,  on  the  lines  cf  DTR  the  reliability 
cf  connection  in  principle  cannot  be  equal  tc  unit.  The  calculation 
of  the  reliability  of  the  channel  cf  coaiunicaticn  cf  CTF,  deterained 
by  radiovave  propagaticr,  is  performed  ir  §6.2.  The  calculation  cf 
equipment  reliability  here  is  net  examined,  since  it  in  no  way 
differs  from  the  appropriate  calculations  cf  any  radic-electrcnic 
equipment  * . 

POCTMOTR  ».  The  calculation  cf  equipment  reliability  is  in  detail 
described  in  [6.1].  ENCfCCTHCIE. 

Eaqe  220. 


The  second  most  iapertant  parameter  of  channel  is  the  value  of 
distortions  which  is  deterained  by  the  transmission  characteristics 
of  the  communication  charnel  and  by  the  ratic  cf  signal  to  the 
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output  of  hypothetical  standard  circuit  can  te  exceeded  net  acre  than 
into  O.OSc/o  cf  time.  Sith  a  sufficient  deqree  cf  accuracy  we  will 
consider  that  Pm  >  1 , CGC, COO  pi  appear  at  the  cutput  of  cne  section  of 
lire  cf  DTP  only  if  the  value  oi  signals  at  the  inputs  cf  all  diverse 
receivers  of  one  station  falls  telcw  the  threshold  cf  improvement  in 
Chi,  which  is  impossible,  since  the  probability  cf  the  simultaneous 
drop  in  the  signals  cf  lewer  that  the  threshcld  in  twe  different 
sections  of  line  is  vanishingly  snail.  Order  these  conditions  the 
probability  cf  the  dtep  in  all  diverse  signals  cf  lewer  than  the 
threshold  of  Chi  in  cne  section  cf  line  nust  ret  be  more 


0.05,, 


(6.2) 


the  time  of  unfavorable  icnth.  Consequently,  the  reliability  cf  the 
operation  cf  section  most  he  egcal  to 


//>,,  =  [  !00  —  — r'i 
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L  n  J' 

Such  high  requirements  for  the  reliability  are  cne  of  causes  cf 
use  on  the  lines  of  DTF  cf  the  quadrupled  reception. 


Let  us  determine  the  reserve  cf  the  enercy  potential  of  line, 
necessary  for  the  satisfaction  cf  requirements  fer  the  reliability, 
i.e.  let  us  determine  the  value  cf  the  required  excess  mediae  value 
cf  signal  for  the  used  ateve  the  threshcld  value  cf  signal. 
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Page  223. 

The  power  of  siqnal 

where  G,  =  — ~-gnp  ,v 

he 

cf  transmitter, 

G,.  -  the  amplification  of  two  antennas  takirg  into  account  the 
losses, 

A,  -  total  attenuation  between  the  output  cf  transmitter  atd  the 
input  of  the  receiver: 

■^5  '4$  ‘"^c*  np^  -4,  .  (6.  () 

In  formula  (6.4) : 

-  less  in  the  receiving  and  transmitting  feeders, 

/le»  np  -  free-space  attenuation: 


A  =  V1~  the  ms  value  of  the  attenuation  factci  cf  signal  relative  to 
the  field  cf  free  space  in  the  worse  month, 

-  the  weakening,  caused  fcy  slow  fadings, 

A,  ~  the  weakening,  caused  fcy  rapid  fadings. 


at  the  input  ci  receiver  Pz 

P.ia  G; 


«  =  ■ 


A* 


is  equal  to: 

l6.3> 


-  lesses  cf  antenna  gain,  p  -  power  at  the  output 
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interference  at  the  output  cf  chancel.  During  the  transmission  of 
telephone  conversations  the  fundamental  electrical  characteristics  of 
channel  which  are  normalized  by  the  recommendations  cf  PRO  and 
UK KIT,  they  are  defined  ty  both  the  terminal  eguipment  for 
multiplexing  (channel- fc xaing  equipment)  and  ty  circuit  of  radio 
relay  line,  switching  cn  equipment  for  terminal  and  transit 
exchanges.  For  Chfl  and  frequency  division  multiplex  of  channels  (the 
most  widely  used  metfccd  cf  transmission  in  the  lines  cf  DTB)  the 
separate  characteristics  of  telephone  channel  are  determined  cnly  ty 
equipment,  for  multiplexing  (amplitude  and  frequency  characteristics, 
nonlinearity,  change  cf  the  group  time  ir  the  band  cf  telephone 
channel,  disagreement  cf  freguercies,  etc.),  dhese  character istics 
subsequently  are  not  examined. 

Interest  are  of  the  electrical  characteristics  which  influences 
the  circuit  of  lines  of  DIB.  They  include  the  stability  of  overall 
line  attenuation,  therxal  and  transient  noises. 

The  recommendations  of  EKKB  ard  BKKTT  relate  tc  the  hypothetical 
standard  circuit  with  a  length  cf  5500  km,  which  has  the  specific 
number  of  transformations  of  signal.  Per  the  line  of  CTR  hypothetical 
standard  circuit  takes  the  form  Pig.  6.1  [6.2*.  It  switches  cn  3 
assemblies  of  individual  converters  (charnel  xcdulatcrs  and 
demodulators),  6  assemblies  of  the  converters  cf  primary  groups 
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(modulators  and  demodulators  of  12-channel  groups)  and  9  asseifcli.es 
cf  the  converters  of  secondary  groups  (modulators  and  demodulators  of 
60-channel  groups).  In  this  case,  in  contrast  tc  usoal  B3L,  it  is  not 
aarlced  off  in  the  identical  sections,  since  tbe  length  of  the 
sections  of  lines  of  DIE  in  depending  on  specific  conditions  varies 
from  100  tc  400  km  and  icre.  Eased  on  this,  SKKF  reccimends  tc 
consider  that  at  the  average  lecoth  of  ere  section,  equal  to  C,  the 
standard  circuit  has  25CC/C  sections. 

Since  on  the  lines  cf  CIS  cf  propagation  condition  it  is 
considerably  more  complicated  than  to  their  ordinary  BBL,  the 
fulfillment  of  the  norms  of  E8KS  tc  the  noises  in  the  communication 
channels  for  the  lines  cf  Cl E  involves  considerable  difficulties  and 
can  lead  to  the  sharp  rise  in  price  cf  ccimcnicating  system. 
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Fig.  6.1.  Hypothetical  standard  circuit  for  the  telephone  line  cf  CIS 
with  the  frequency  division  multiplex. 


Key:  (1).  individual  converter.  (2).  converter  cf  secondary  group. 
(3).  converter  of  primary  group.  (4).  modulator  and  demodulator  in 
ridio  channel. 
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Taking  into  account  this,  HKKfi  recommended  [6.3]  for  the  tropospheric 
lines,  usually  run  ir.  the  alacst  icaccessitle  and  sparsely  populated 
areas,  of  the  following  amounts  cf  power  capacity  cf  noises  at  the 
output  of  the  hypothetical  standard  circuit  with  a  length  cf  2500  ki 
(in  telephone  channel,  at  the  pcint  cf  zero  relative  level): 

1)  the  aver  age- minute  pscphcsetric  power  cf  ncise  must  net 

1^,000 

exceed  aSflft  pH  during  mere  than  20c/o  of  time  cf  any  month; 


2)  the  average-minute  pscphometric  power  cf  noise  must  net 
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exceed  63000  pW  during  1 

3)  the  unweighted  p 
as)  can  exceed  1,C00f0CC 
unfavorable  acnth. 

It  is  necessary  tc 
consider  only  the  radic 
for  frequency  division  1 
must  comprise  not  more  t 
overall  line  attenuation 
In  64. 3  it  is  shewn  that 
aade.  During  the  transai 
communication  of  line  cf 
magnitude  cf  losses  cf  a 
the  relation  of  a  number 
number  of  pulse  transais 


ere  than  Q.5o/o  cf  tiae  cf  any  month; 

ewer  of  ocise  (with  the  time  of  integration  5 
pS  net  more  than  O.C5c/c  of  time  cf  vest 

keap  in  mind  that  these  recommendations 
channel  cf  the  line;  the  noises  of  equipment 
rltiplei  are  not  taken  into  consideration  and 
ban  25QC  pk  in  any  fcccr.  The  oscillations  of 
(or  amplification)  anst  not  exceed  +  -0.2  Np. 


in 

t  he 

circuit 

cf  1 

ires  cf 

DT8 

this  norm 

is 
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sicn 
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The  calculation  cf  the  lice  cf  communications  in  depending  cn 
need  can  it  is  reduced  either  tc  the  deterai naticn  cf  such  parameters 
cf  equipment  which  on  the  given  one  to  rcute  will  accomplish  cf  the 
recommendations  of  HKKS  and  ft K K 1 1  to  the  cca mcnicaticn  channel  cr  tc 
the  determination  of  such  intervals  between  the  adjacent  relay 
stations  in  which  the  equipment  with  the  assigned  parameters  will 


accomplish  of  these  norms.  Usually  the  calculation  cf  line  begins 
frcm  the  selection  of  tie  energy  parameters  cf  equipment  (power  cf 
transmitter,  the  coefficient  cf  receiver  ncise,  amplification  and 
antenna  radiation  pattern),  cn  the  basis  cf  the  technical 
capabilities  cf  contemporary  technology  and  economic  considerations 
cn  the  value  cf  fundamertal  initial  costs  cf  line  and  expenditures  cn 
the  operation.  Further  is  selected  the  approximate  length  cf  section, 
cn  the  basis  of  the  need  for  the  fulfillment  cf  norm  to  the 
reliability  of  communication,  and  then  they  perform  the  calculation 
cf  noises  in  telephone  channel  at  the  output  cf  cne  section  ard 
entire  line.  Set  all  sections  of  line  are  identical,  since  they 
depend  on  specific  conditions  (area  relief,  joining  to  the  populated 
areas,  etc.).  Per  the  mere  precision  deter mi  rat icn  cf  the  ncise  level 
at  the  output  of  line  ir  this  case  cne  should  find  them  cn  the  output 
cf  each  section,  and  then  summarize.  Are  usually  during  the  layout 
assigned  the  locations  cf  terminal  and  transit  exchanges  with  the 
isolation  cf  the  part  (cr  of  all)  channels.  He  arrangement  cf 
intermediate  points  is  conducted  cn  the  fcase  cf  the  technical 
considerations  of  the  guarantee  cf  stable  and  qualitative 
communications  and  convenience  in  the  operation  cf  line.  In  this  case 
it  is  necessary  to  keep  in  mind  which  level  ir  correspondent »s 
direction  is  desirable  tc  have  epered. 
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Closing  the  level  in  all  by  1C*  corresponds  tc  a  three  hundred 
kilometer  route  to  an  increase  in  effective  length  cf  section  on  30 
km.  Consequently ,  points  cf  line  it  is  desirahle  to  place  at  the 
points  of  dominating  feature.  (This  it  is  checked  with  the  tracing  cf 
the  profile  cf  route). 

If  the  line  cf  communications  does  not  satisfy  the 
recommendations  cf  MKKF  because  cf  any  section,  either  they  divide 
by  two  or  place  intermediate  feints  acre  evenly.  The  more  evenly 
distributed  the  sections  of  line,  the  tetter  will  be  noise 
distribution  at  the  cutput  cf  line. 

§6.2.  Calculation  of  the  reliability  of  line  ETF  during  the 
transmission  cf  telephone  signals. 

As  a  result  of  rapic  and  slew  fadincs  at  the  separate  moments  cf 
time  the  signal  falls  telow  any,  fieassigned  «alue.  Let  us  accept  the 
following  assumptions:  the  line  cf  communications ,  which  consists  cf 
■  sections,  is  considered  cut-cf-cide r ,  if  the  power  of  ncises  in  the 
channel  at  the  output  cf  line  exceeds  1,C00.CCC  pS. 

According  tc  the  norms  {see  §6.1)  this  value  cf  noises  at  the 
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Prom  fornula  (6.4)  it  is  evident  that  signal  fading  at  the  pcirt 
of  reception  are  deterained  by  the  product  cf  rapid  and  slow  fadings. 
Since  these  fadings  are  cct  depended  *,  the  integral  distribution  cf 
product  will  be  equal 

Z  «• 

Wf{0<2<Z}  =  jj>wrv(-^)-^i.  (6.5) 

0  0  1 


where  to  'W  (x)  -  the  probability  density  cf  slew  fadings,  determined 
ty  the  noreal  logarithaic  law 


{ In  x— ;r. ; 


Y  2naux 


',6.6/ 


Wyf— )  -  the  probability  density  cf  rapid  fadings  with  the  fold 

\  x  / 

diverse  reception  (see  Chapter  i). 


FOOTNOTE  *.  In  work  16.4]  it  is  shewn  that  as  a  result  cf  a  large 
difference  in  the  quasi  periods  cf  fluctuaticrs  the  requirement  of 
independence  is  net  ccaptlscry.  £hCPOCTNCTE. 


Analytical  computation  according  tc  formula  (6.5)  i acractica tly 
already  with  the  single  recepticc.  Therefore  in  [6.5]  was  produced 
the  graphical  integration  fer  the  doubled  ard  quadrupled  receptions 
upon  the  dispersion  "f  sic*  fadings  <j*  =  6dB,  ard  also  with  the 
quadrupled  reception  for  .t„  =  5  and  4  dB.  Tb»  results  cf  numerical 
integraticn  ate  giver,  in  Fig.  t>.2,  from  which  it  is  evident  that  the 
transition  from  doubled  tc  tte  quadrupled  reception  iapreves  aore 
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than  by  an  order  the  probability  cf  a  drcp  ic  the  signals  cf  lower 
than  the  threshold  of  Ckf..  Fees  ct  the  curves  cf  Fiq.  6.2  is  easy  to 
find  the  required  excess  of  the  tecian  value  cf  the  signal  ateve 
threshold  A  ^ 

Fage  224. 

For  example,  for  the  hypothetical  standard  circuit,  which  consists  cf 

x=10  sections  cn  250  k h  each,  value  f—  ]  = . a  C  =0.005o/o  (f»lC'’,5) 

and  the  required  excess  with  the  quadrupled  reception  will  be  \  -i7 

dE  (A  =  50  times) . 

Thus,  it  is  pcssitle  to  record 

Pc  .1  =  ^nop  i  •  (6.7) 

where  p30P  -  the  threshcld  value  cf  the  pewer  cf  signal  at  the  input 
cf  receiver.  It  is  krc*c  tnat  the  threshcld  value  of  signal  ten  tines 
exemplarily  exceeds  the  pewer  cf  the  inherent  ncise  cf  the  receiver 

Pnop  ~  I  0  Pj  „  =  I  0  n  K  T  S  /a,,  ^6.8) 

where  the  coefficient  cf  receiver  EOise;  kT=4«io'21  V/Hz:  "  the 


noise  bandwidth  cf  receiver 
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Usually  value  tc  10-20c/c  exceeds  the  passband  of  circuit  cf 
OPCh  Af,  determined  frca  the  condition  of  the  undistcrted  recepticr 
cf  Chfl  signal  with  the  assigned  opper  mcdulatinq  frequency  and  the 
deviation  1 . 


FOCTMOTF  *.  The  value  cf  the  necessary  passtard  if  fcr  multichannel 
ChM  systems  is  deteraired  in  [fc.f].  BNDPCCTHC1E. 


Substituting  in  (6.7)  values  p30  p  from  (6.8)  and  Pc  from  (6.3),  it  is 

possible  taking  into  acccunt  (6.4)  to  record  fcr  the  energy  potential 

PniG.  _ 

— ■~=lOKT^faA<)>Ac,^pA^.  (6  91 

After  replacing  the  included  in  formula  (6.9)  values  with  the 

fundamental  parameters  cf  eguipient  and  circuit,  we  will  obtain  the 

expression 


Pnt  Gna^np  _  g  ]  Q_l* 

n 


f) 


(**)  a  'ynM  °yc 


^vc  ^4  '1  A 


i*  (cm) 


l6.9a) 


This  expression  makes  it  possible  tc  select  energy  the  potential 
cf  lice  on  the  critericr  cf  the  reliability  cf  operation.  For  an 
increase  in  the  reliability  cf  the  work  cf  line  cr  length  cf  interval 
(with  the  preser vat.icn  cl  reliability)  it  is  possible  to  utilize  one 
of  the  methods  of  an  isprcvement  in  the  threshold  properties  cf  Chf 
receivers. 


Frequently  is  necessary  to  solve  the  sciewhat  different  prcblei: 
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the  energy  potential  of  eguipaert  and  the  length  cf  the  section  of 
line  are  assigned,  necessary  detenine  will  be  reliable  telephone 
communication.  For  the  solution  cf  this  problem  from  (6.9a)  cne 
should  determine  the  value  cf  the  obtained  reserve  cf  the  median 
siqnal  above  the  threshold  cf  the  receiver 

A3  =  0,1  •  10lf  (6.101 

! yn-i  5yc  .1  *;  A 

and  then  compare  A0  with  the  value  cf  the  required  reserve  A , 
determined  from  the  graph  cl  Fig.  t.  2  for  «/  the  time.  If  value 

-71 

&a>A,  then  the  section  cf  line  provides  the  assigned  reliability  of 
operation,  but  if  Aa < A ,  then  section  does  net  possess  the  assigned 
reliability  and  it  is  necessary  either  to  charge  route  cr  to  increase 
the  energy  potential  cf  line,  for  example,  applying  large-size 
antennas. 

56.3.  Calculation  of  the  total  power  of  noises  at  the  output  cf  one 
section  of  lin«  CTR. 

In  €hapter  4  are  examined  and  substantiated  the  methods  cf 
calculation  of  thermal  noises  pT  and  trarsiert  noises  cf 
mu ltiple-pronqed  origir  Pn  at  the  cutrut  of  cce  section  of  line  of 
OTF.  Let  us  examine  the  calculation  of  the  total  power  cf  noises  in 
the  channel  at  the  output  of  cne  section  cf  line  of  CTR: 


P  —  P r-t-Pa-h  Piruii 


(6.1!) 
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where  Pjna  -  a  constant  walue  cf  the  transient  interferences,  which 
appear  in  the  equipment  and  the  feeder  lines  (usually  .°ann  »ust  net 
exceed  10-15c/o  cf  total  fewer  cf  noises  at  the  output  cf  section). 

Page  226. 
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Let  us  find  the  prcbahilitj  density  of  sic*  changes  in  the  pcwer 
of  transient  noises,  fcnula  fcr  calculating  the  transient 
interferences  is  derived  in  ^hajter  4  (see  4.50).  The  slowly  changing 
value  is  here  an  equivalent  radius  of  Earth  j, 

Page  227. 


It  is  possible  tc  reccid 


where 


a„  -  real  radius  of  the  Earth,  agual  to  C37C  ka. 


(6.17) 

(6.18) 


g  -  refractivity  gradient,  whicfc  is  determining  the  slow  fluctuations 
cf  the  power  of  transient  interferences.  Tt  is  e x per imentall y  shown 
that  g  is  subordinated  tc  the  ncrial  law  cf  distribution  [6.9], 


J ^  -  the  coefficient,  determined  tics  fortula  (4.50)  : 

2  A  F.  i*  i»  - 

l  = — -=•  (2*  A  f)'  ^  FJ  (?)  -V"  Pi- 

A  r  C* 

Knowing  the  law  of  distribution  g,  it  is  sixple  tc  find  the  law  of 
distribution  p  ■ 


4  /2n  /  p\  l 


_i>  Pn  ~  V  Pa! 


2'.* 
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g  -  mean  value  of  the  sic*  fluctuations  cf  the  refractivity  gradient. 


$g  -  the  dispersion  cf  the  slew  fluctuations  a.  ihe  parameters  of  law 
(6.19)  are  such : 


the  mean  value 


the  dispersion 


where 


/».-?«lH-6?+3**].  (6.22) 


0{P„}  =  ^8(8g4- 21  <7*^48^*  12?*),  [6.23) 


(6.24) 


Thus,  for  the  determination  cf  the  slew  fluctuations  of  the 
total  power  of  noises  at  the  output  of  ere  section  it  is  necessary  to 
find  the  law  of  the  distribution  of  sub  <6. 11),  in  which  distribution 
p .  is  deterained  by  foraula  (6.12),  Pa  -  by  fcraula  (6.19),  and  P'3m  - 
constantly.  Tn  this  case  it  is  recessary  tc  keep  in  aind  that  slew 
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fluctuations  PTi  and  P.;i  ace  dependent. 

Page  228. 

In  [6.7]  on  the  basis  cf  experimental  investigations  it  is  shewn  that 
the  ccrrelaticn  coefficient  between  slow  chances  in  the  transient 
noises  and  thermal  noises  R-p=0.7.  This,  apparently  it  is  explained 
fcy  the  fact  that  also  cn  the  fluctuation  of  the  power  of  thereal 
noises  is  substantial  the  effect  cf  the  fluctcaticn  cf  value  g. 

Taking  this  into  account  the  parameters  cf  the  law  cf  tte 
distribution  of  the  total  power  cf  noises  at  the  output  of  section 
will  he  equal  to: 


the  mean  value 


P  =  PT+P*~P« 


(6.25) 


the  dispersion 


D  {P}  =  D  {PT}  4-  D  [Pn)  -  2  o  YD  (PT)  D  (Pn) .  (6.26) 


The  analytical  determination  cf  the  fora  cf  the  law  of 
distribution  P  runs  into  the  insuracuntatle  mathematical 
difficulties.  However,  numerical  integration  shews  that  the  attained 
law  of  distribution  with  the  errer,  which  dees  net  exceed  1.5  dfi,  can 
be  approximated  by  normally  logarithmic  distrihution  with  the 
parameters,  determined  ty  foriulas  (6.25)  ard  (6.26): 


y  2*  p  K 


(:a  P-  :n  P)* 
2** 


tf'(p)  = 


e 


(6.27) 
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Here  the  parameter  which  is  deterainirg  the  rms  value  cf 


value  InP, 


we  find  through  tie  tcriula 

,  ,  r,  d  p'  i 

/»  j 


(6.28) 


The  parameters  cf  the  law  cf  distrituticr  (6.27)  are  determined 


from  the  formulas,  analcgcus  (6  .  14)- (6. 1 6) . 


The  laws  of  the  distribution  of  the  slew  fluctuations  of 
thermal,  transient  and  octal  noises  at  the  output  of  cne  section  at 
different  values  are  given  ir  Fig.  6.  3.  *11  values  are  calibrated 
relative  to  the  mean  power  coefficient  of  thermal  noises.  In  this 
case: 


The  mean  value  of  the  total  power  of  noises  there  will  be  equally 

JL.  =  i  j-x-i.  Z2£H-,  (6.29) 

P?  P  x 

the  dispersion 


=  .V  e'*  —  1 -r  *at;J — O.SxatV  e’* — 1,  (6.30) 

where  ^ r 


K  a  i&7  —  2igi  —  46^  —  1'V) 
1-4-6?  +  V 


(6.31) 

(6.3?) 
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For  the  plotting  c i  curves  cf  the  normally  logarithmic  law  cf 
distribution  it  is  necessary  tc  knew: 


the  median  power  coefficient  cf  the  tctal  noises 


_(Pr±  Pr. )  ~T 


P, 


Pr 


(6.33) 


the  root-mean-square  power  coefficient  of  tctal  noises  in  the 

decibels  . 

°.  =  4,34  X,  (6.34) 


Adding  to  the  plotted  curve  in  each  percentage  cf  time  the 
constant  value  of  the  power  cf  the  noises  cf  the  nonlinear 
transitions  of  equipment,  that  compose  1 5o/c  (Pr+Pa),  we  obtain  the 
curves  of  the  law  of  the  distribution  of  power  cf  total  noises  at  the 
output  of  one  section. 


66.4.  calculation  of  power  of  noises  at  the  cutput  cf  line  of  DTF. 

The  parameters  cf  eguipaect  atd  line  cf  ETE  must  be  selected  sc 
that  would  satisfy  the  requirements,  presented  in  §6.1  with  the 
minimum  economic  expenditures,  fulfilling  these  requirements  -  very 
complicated  technical  prcfclem,  therefore,  in  particular,  is 
importantly  correct  tc  distribute  the  ccrtrifcnticn  cf  all  elements  of 
the  circuit  of  line  cf  LIB  to  tfce  noises  at  the  cutput  cf  lire.  In 
Chapter  4  was  examined  tie  selection  of  the  optimum  deviation  of 
frequency  taking  into  account  tfce  minimization  cf  the  total  power  of 
the  thermal  and  transient  noises  of  mu  It  i  pi e- pr cn ce d  origin. 


=  30023113 
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l“t  us  h»re  exasine,  in  tbe  first  place,  what  pcrticn  cf  the  pcwer  cf 
noises  should  he  led  all  eleaects  cf  equipment  circuit  and,  in  the 
second  place,  - - 

s  - - — - —  let  cs  desicn 


the  distrihution  of  ccwet  cf  ccises  fcr  the  cctput  cf  hypothetical 
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standard  circuit. 

The  transient  noises,  whica  appear  in  the  equipment  and  the 
feeder  lines,  are  designed  ficu  the  formulas  and  the  graphs  given, 
fcr  exanple,  in  [6.9]  fci  the  usual  radic  relay  lines.  In  this  case 
it  is  necessary  to  keep  in  mind:  1)  at  each  station  line  cf  ETR  is 
conducted  demodulation;  therefore  all  stations  have  the  modems;  2) 
the  large  power  output  cf  transmitters  dees  net  sake  it  possible  tc 
satisfy  feeder  lines  with  the  tr a veling- wave  ratios  [KPV]  close  to 
K9V  of  the  usual  radio  relay  lines;  3)  the  interferences,  determined 
by  the  inadequacy  of  limiter,  can  le  very  essential  as  a  result  cf 
large  parasitic  AM,  caused  multi-beam  character  of  the  signal  in  the 
place  of  reception. 

The  fundamental  contribution  to  the  total  power  of  noises  at  the 
output  of  line  belongs  urdcuttedly  tc  thermal  ncises  and  trarsient 
interferences  of  multi p le- pronged  origin.  In  their  portion  should  be 
carried  85-90o/o  cf  all  noises,  i.e.  21-22.5  thousand  pB  at  the  point 
cf  zero  relative  level.  This  value  can  be  eiceeded  net  more  than 
20c /o  of  time.  Remaining  cf  2.5-4. C  thousand  pB  should  be  tentatively 
distributed  as  follows: 

1)  1000-1500  p«  (about  4C0/0)  led  the  ncises,  caused  fcy 


reflections  in  the  feeder  circuits; 
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2)  4CC-800  cW  (15-iCo/o)  -  the  elements  cf  group  circuit  and  the 
ncdems ; 

3)  50C-1000  pW  (2C-25c/o)  -  tc  the  inter ferences,  deterained  by 
the  inadequacy  of  the  liiitec;  and 

«)  5CC-800  pW  (-2Cc/c)  -  tc  elements  cf  UCh  circuit. 

Let  us  find  the  distributicn  cf  the  total  power  cf  theraal 
noises  and  ncises  of  the  nonlinear  transjticrs  cf  multiple-pronged 
origin  at  the  output  cf  line  cf  ETf.  Let  the  line  hawe  ■  sections 
(for  the  hypothetical  standard  circuit  a=8-1C).  Then  the  tctal  power 
cf  the  noises 

p:=5 p- = 2 ~  i -  i  p>  (6-35) 

The  distribution  ?.  can  be  fcund  with  the  aid  cf  its  expansion 
in  a  series  in  the  orthcncraalized  functions  with  weight  H0(u),  which 
are  the  standard  law  cf  the  distribution : 

w  \u)  -  W'a  (•<:}  [c0  p9  {a)  —  cv  px  {i i )  — 


(6.36) 
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ri,-e  231. 

Here 


the  standardized  value; 


k*'J  j 

:*i 


uK  -  central  distributions  which  can  be  determined  through  the 
central  moments  cf  the  distribution  of  power  of  the  total  noises  cf 
one  section,  since  changes  in  the  power  cf  rcises  in  the  sections  of 
line  cf  DTR  are  not  correlated; 

'l 

Pn  =  _2i  dn,  u*  "  orthener  aali2ed  pclynciials  cf  the  n  degree; 

d„  -  coefficients,  deteriined  with  crtfccnoraal  of  the  system 
cf  exponential  functions  (1,  u,  u*,  u3,  ...). 


In  our  case  is  mere  expedient  tc  accept  fer  the  standard  law  cf 

distribution  normally  logarithmic  law  with  standard  deviation 
D(PZ) 


I*  =  In 


Pi 


1 


= 


VP^T: 


[in  [,  VV- 


\  4-  1  I  j- 


Yin  k[uV  ?  -  1  x 


.  (6.37) 


For  low  rms  values  aM  and  large  nucter  cf  sections  for  the 
standard  law  cf  dist  r  i  t  v;  t  ic  n  it  is  better  tc  take  normal.  The  made 
calculations  showed  that  the  net  law  cf  distribution  approaches 
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standard  with  accuracy  jcO.Oic/c.  Then  at  the  cutput  of  line  the  pcwer 
cf  the  total  noises  cf  IfiET  [Institute  cf  ffetallurgj  ia.  S.  3. 

Baykov]  the  integral  law  cf  the  distribution  cf  the  fora 


/  X-  \ ' 


Here  j>  -  power  cf  noises,  exceeded  in  the  assigned  percentage 
cf  tiae.  The  laws  of  the  distribution  of  pcwer  cf  ncises  for  the 
hypothetical  standard  circuit  with  a  length  cf  2500  kn,  calibrated 
relative  to  the  aean  pcwer  of  theraal  noises  at  the  cutput  of  one 
section,  are  given  in  Fic.  6,4. 
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Pig.  6.4.  Integral  law  cf  the  distribution  cf  power  of  noises  at  the 
output  of  line  of  DTP. 

Key:  (1).  Power  of  noises  at  the  cttput  cf  hypothetical  standard 
circuit  (2500  Km)  relative  tc  the  lean  power  coefficient  of  the 
thermal  noises  of  one  section  (in  aE) .  (2).  Percentage  of  time, 
during  which  is  exceeded  value  indicated  cn  ordinate. 

Faqe  232. 

Curve  1  corresponds  to  6  sections  cn  312.5  ki  each  ..5M  =  ddB),  curve 
2-5  to  sections  cn  5C0  ki  ia„  =  -,  c£)  and  curve  3-4  to  sections  cn  625 
kh  (aj  =  2.5  dB)  .  Cn  of  the  curves  of  Pig.  6.4  it  is  possible  tc 
determine  the  excess  cf  the  pcwer  cf  total  noises  in  telephone 
charnel  at  the  output  cf  the  hypothetical  standard  circuit  atcve  the 


A 
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lean  value  of  thermal  ncises  at  the  output  cf  one  section  of  line, 
which  corresponds  to  the  calitrateo  by  PPKB  percentages  of  tiie  and 
(20o/o  and  0. 5o/o) .  In  this  case  the  Bear  power  cf  thermal  ncises  at 
the  output  of  one  secticc  must  te  designed  according  to  formula 
(4.13),  virtually,  as  has  already  teen  spoken  atcve,  the  sections  cf 
line  were  nonident ical ,  and  tteiefcre  acre  accurately  the  output 
power  of  ncises  can  ta  detenined  by  its  addition  in  the  individual 
sections. 

€6.5.  Calculation  of  the  less  of  authenticity  and  reliability  during 
the  transmission  of  tirary  intonation  along  telephone  channel  of 
line  DT3. 

The  transmission  of  digital  information  alcng  telephone  channels 
is  conducted  with  the  aic  of  the  secondary  aultiplexing  of  channels 
ty  telegraph  signals.  Fcr  this  are  utilized  the  special 
data-transmission  systeis.  The  operating  principle  of  such  systems  is 
based  on  the  different  »ethcds  cf  keying  the  digital  pulses.  In  this 
case  most  frequently  are  utilized  as  most  shielded  from  ncise,  the 
frequency  shift  keyitg  acd  the  p base- dif fere rce  manipulation  cf 
different  aultiplicity  (predcainantly  one-  ard  twofold) .  Calculation 
methods  examined  b9lcw  are  set  forth  in  connection  with  these  methods 
cf  data  transmission. 
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During  the  transmission  cf  digital  intonation  along  telephone 
channel  with  ChM  the  short  deration  failures  of  pulses  under  the 
action  of  thermal  noises  in  the  channel  ccccr  vhen  signal  at  the 
input  of  receiver  falls  fcelcw  the  threshold  of  improvement  of  Chfl. 
therefore  during  the  analysis  of  the  loss  of  authenticity  necessary 
the  account  of  threshold.  This  sears  that  it  is  necessary  to  have  the 
analytical  expression  cf  the  dependence  cf  signal-to-noise  ratio  at 
the  output  of  the  Ftl  discriminator  in  channel  na Ux  on  the 
siqnal-to-noise  ratio  at  the  input  cf  ChH-receiver  r.Li.  This  dependence 
is  obtained  in  f6«13],  tut  there  its  recording  is  given  in  the  fcri 
cf  formula  for  the  power  cf  noise  in  telephone  channel  at  the  output 
of  the  PM  discriainator. 


Fage  233. 


Here  "threshold"  dependence  „  is  given  taking  into  account  the  fact 
that  by  telephone  channel  are  transmitted  the  digital  pulses  cf  the 
assigned  level: 


f. 


3  X 


A  tth  '  Pan*  x'  8ap  -X 


a  ft  v*  a  fk 


1 ,85  e 


(6.39) 


where  -  effective  deviation  cf  frequency  tc  the  channel,  ]  n  - 
width  of  band  of  energy  rcise  spectrum  at  the  input  cf  receiver,  - 
width  of  band  of  telephone  channel,  pa,J1;  -  the  level  cf  useful  signal 
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in  the  channel,  £>up  -  the  coefficient  cf  pred  istcrticns  in  the 
channel. 

Calculation  is  carried  cut  on  the  assuapticn  that  the 
information  by  the  chattel  is  tiacsaitted  by  the  frequency  ct  t^cfcld 
phase-difference  uanipclaticn  (this,  however,  it  does  not  decrease 
the  generality  of  the  calculation  aethod). 


Por  these  cases  verk  [6.10]  gives  the  dependence  cf  the 
probability  cf  the  etrcr  cn  the  sigral-tc-nc ise  ratio  in  the  channel 

-""SM* 


Poat(n,Hx)  =  -J- e  2  ■  16.40) 

* 

The  ccrrespondi rg  relationship  fcr  single  FR  H  takes  the  fora 

^<un('J,u*)  =  —  6  M<*  .  (6.40a) 

Utilizing  fcrnula  (6.39),  it  is  possible  tc  record  (6.4C)  in  the 


form 

Porn  (O  =  Y  exp  X 


’ _ 1_  *f2*>p 

BhiX  K  ^ 

s?2« 

2 

A/.  VTi  F* 

1 ,85  e  ft*x  —  2 

Fk\ 

, 

e 

f^i  ■  -  | 

W./  j  1-e  ”  -'H 

U/J 

l  "n  J 

(D.i  !) 


Taking  into  acccurt  the  rapid  Rayleigh  fadings  and  dispersed 
reception  with  the  optiica  4-fold  addition  the  density  cf 
distribution  c?  the  probabilities  cf  value  n„  is  calculated  Irca  the 


=MO  = 


[N  -  1)1 


to.  42) 


for sula 


DCC  =  80025113 
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where  n0  -  mean  {on  the  rapid  fadings)  signal-tc-noise  ratio  at  the 
input  cf  one  receiver.  let  us  find  aean  value  ? oai.i4S  taking  intc 
account  distribution  (6.48): 


Page  234. 


Per  quadrupled  reception,  »cst  widely  used  cn  the  lines  ETB,  we 
obtain 


Pom~ 


-  1  S' 

12  nt  J 


exp  x 


l_  I 


d  i Faux  k  2n 


A/tr  x  S  Fk 


i  ,^5  e 


"U/.  / 


x«L«  -  *«. 


(6.44) 


Expression  (6.44)  can  ta  substantially  sinplified.  For  this  let 
us  note  the  following.  It  (6.44)  ttere  is  the  expression  for  the 
energy  noise  spectrua  in  the  channel  at  the  output  cf  the  FH 


_ o  <fk) 

J/.M' 


I .  S5  e 


o/Js-V 

~{  a/./ 


e 


(6.45) 


discriainator 
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Formula  (6.45)  is  «crs  precisely  formulating  expression  for 

/*  /  p  \ 

—  -  -  y =-  ■  obtained  in  [6.13],  and  it  is  derived  in  [6.15].  First,  frcs 
(6.45)  it  follows  that  in  the  region  cf  the  sicral/ncise  ratic  nOC 
the  first  term  much  more  than  the  second,  this  observation  is  correct 

p 

with  occurring  on  the  real  lines  cf  ratic  — ~  <  1.  in  the  seccnd 
place,  it  is  known  that  cn  the  lines  cf  CT9  with  the  work  cf  higher 
than  the  threshold  of  Che  (n>10)  the  sigral-tc-ncise  ratic  in  the 
channels  is  very  great,  and  the  probability  cf  error  is  negligibly 
small.  Therefore  virtually  always  in  fcrxula  (6.45)  the  second  term 


can  be  disregarded,  i.e. 


2 


=  =rl,85e  *\ 


In  the  third,  fcrnula  (6.44)  value  ?w,„  is  alsc  functicr  n.„.  In 
[6.11]  it  is  shown  that 


where  P, 


P imi  x  i«p  ^  S  **/  , 

transmitted  level  at  useful  signal, 


Let  us  further  note  that  fcr  the  low  values  cf  the  losses  of 
authenticity,  usually  necessary  fox  the  satisfactory  quality  cf  the 
transmission  of  binary  irfcriaticc  (P0B<  10~3),  is  made  the  following 
equality: 


e 


(6.48; 
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Tha  error  in  this  simplification  dess  net  exceed  30-40o/c.  This 
value  of  error  can  be  considered  completely  acceptable,  since  the 
calculation  of  the  less  cf  autnenticity  is  utilized  below  during  the 
analysis  of  the  reliability  cf  the  transsissicn  cf  digital 
information  along  the  trcpcspheric  channel.  It  this  case  it  is  shown 
that  the  computation  cf  reliability  is  connected  with  the 
deter minaticn  of  certain  value  cf  value  r0  which  with  the  errer  it 
calculation  of  the  less  cf  autnenticity,  equal  tc  40c/c  is  estimated 
with  the  error  in  all  cf  ICc/o.  This  accuracy  is  co mmensur ate d  with 
the  accuracy  of  the  experimental  estimate  cf  r„. 


After  substituting  in  (6.44)  value 


G(f„) 


2*&r,V  * 

frent  (6.47)  and  after  considering  (6.48),  we  will  obtain 


—  from  (6.46)  and  P3b.i 


’w)1  ea« 


(6.49) 


where 


r  —  ■ 


A  1%,  k  rcep  ^np  2n 

a  /,  yit  A  F,  1 ,35 


(6.50) 


Let  us  note  that  expression  (6.49)  is  foccticn  n„;  therefore 
with  given  one  P0D  it  is  possitle  tc  determine  the  appropriate  value 
cf  n0  according  to  the  formula: 


V  \2Pom 


\6.5 1> 


i 
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where 


/(/•)  =  j  exp  r  — —  r  ( I  —  e~*)'  e*  n3  dn. 
o 


{6.52) 


Taking  into  acccurt  re laticnship  (6.40a),  we  find  that  single 
FRM  n0  is  found  from  the  egualitj: 

(6.51a) 


V  12 


1(2  rj_ 
ota 

Fig.  6.5  depicts  tte  curve  cf  values  I  (r),  obtained  as  a  result 


of  nuaerical  integration, 


Let  us  calculate  for  an  exaaple  free  fcriulas  (6.51)  and  (6.51a) 
value  n0  when  ■pJM=lO“*;  if,4=1CQ  kH2;  p,M, .  „„  -C.  1 35  bBP  =  2.5;  ±\VH 

=  7.5  MHz;  if.  =3.1  kHz .  In  this  case  we  obtain  r  =  0.46.  He  respectively 
find  that  I(0.46)=5  and  I(G.92)  =  1.5.  Hence  with  1(0.46)  we  obtain 
n0=l2  and  with  T(0,92)  =  1.5  have  no=10. 

Page  236. 


Let  us  use  the  now  presented  aethod  of  calculation  of  the  lcsses 
cf  authenticity  to  the  atalysis  cf  the  reliability  cf  the 
transmission  of  digital  infcraaticn  along  the  trcpospberic  channel. 
Let  us  define  reliability  as  probability  that  with  the  work  during 
the  performance  cf  duration  t  the  transmissicr  will  be  realized  with 
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the  loss  of  authentlcit  y,  net  verse  than  assigned  magnitude  Pcm  Let 
us  note  that  the  mean  cn  the  rapid  fadings  sigral-tc-ncise  ratio  at 
the  output  of  receiver  rc  slcvly  fades  according  to  the  normally 
logarithmic  law  and  is  stationary  process.  Distribution  w  (y)  cf 
process  y  is  written  ir  the  for*; 

l 1 

ll 7^—'  e_J’\  ,6.53) 

*  )  i.i 

where 

y  =  ioigfi^“,  (6.54) 

*0 

.•;,i  vf3  -  the  median  value  re,  connected  with  tc  b/  formula  (6.15),  a  - 
standard  deviation  of  value  y. 

Por  assigned  aagnitude  ~P,  ^  according  tc  fcriula  (6.5  1)  it  is 
necessary  to  calculate  appropriate  value  /Jokpht-  Then  in  our 
determination  reliability  proves  tc  he  equal  tc  the  probability  cf 
the  fact  that  with  the  performance  of  the  weri  cf  duration  t  is 
fulfilled  the  inequality 

g»>n0Kp«T  (6.55) 

fiU-'CO  fiiitiO  (6.5*) 

y<y^=w-gn—.  (6.56) 

*0  KPUT 

Thus,  the  deter s  i  ration  cf  reliability  can  he  reduced  tc  the 
problem  about  the  overshoots  cf  stationary  ratdc*  process.  Tr  this 
case  the  reliability  will  be  egial  tc  the  probability  of  the  fact 
that  during  the  transmission  cf  information  during  the  performance  cf 
duration  t  the  stationary  process  y  will  net  have  overshoots  for 
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Level  jw t-  Tt  will  interestAthe  solution  fcr  cne  special  case,  when 

overshoots  for  this  level  are  tee  rare  and  independent  events,  in 
work  [6.12]  it  is  giver  the  solution  for  this  case. 
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In  this  case  it  is  ncted  that  the  cvershccts  can  be  considered  rare 


and  independent  variables,  if  ac  average  nuifcer  cf  overshoots  for 
tine  t  is  sufficiently  stall  (this  is  equivalent  sc  that  the 
reliability  is  close  tc  3).  Per  the  interesting  case  the 
probability  of  the  absence  cf  overshoots  is  cetersined  frci  fcraula 


where  R(r)  -  the  correlation  furction  cf  process  cf  y,  R"  (r) 


second  derivative  y.  On  ttie  tasis  cf  exper isertal  investigations  it 
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is  obtained  that  the  autocorrelation  function  cf  slew  fluctuations 
can  be  approximated  tv  the  fcllcwing  expression: 


(6.38) 


Pij.  6,6  gives  ex periaental  (2)  and  approximating  (1)  curves. 
After  substituting  9(t)  and  its  second  derivative  intc  formula 
(6.57),  we  will  obtain  that  fer  cne  section  tte  reliability  is  equal 


to 


_  ^KpWT  | 

—  0,13/e  53  j. 


1.6.59) 


For  m  sections 

l'  ■?  i 

I  ___  j 

Pn  =  exp  0,13/me  "  ;,  ',3.00) 

since  slow  signal  fadinc  in  the  adjacent  sections  cf  RRL  are 
independent. 
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Fig.  6.6.  Coefficient  cf  correlation  cf  slew  input  signal  fading. 


Key:  (1)  .  hour. 
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Let  us  produce  now  according  to  formula  (6.57)  the  calculation 
of  reliability  during  the  transiission  cf  information  with  the  less 
cf  authenticity  net  sere  than  1C"*,  during  the  performance  cf  the 
duration  of  11  h  when  and  •ukdhT=  >0  (ofctsined  under  conditions  cf 

the  preceding  example)  or  the  section  of  line  DTP.  It  is  assumed  that 
the  median  value  cf  siccal-tc-ncise  ratic  t,.«,  =  :50  and  «=6  dB.  We  find 
that  with  !2.  v.o«t—  18.5  dS  with  ^iKpUT  =  »  J,  i*hPHT  =20  dB.  According  tc  formula 
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(6.65)  wo  obtain  when  /i^mt-12  P|- 0,990  and  when  p, =0.594 
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Page  239. 

Chapter  7. 

Prospects  for  the  development  of  tropospheric  radio  relay  lines. 

§7.1.  introduction. 

The  first  tropospheric  radio  relay  line  was  constructed  in  the 
os  A  into  1955  and  operated  in  tie  range  cf  the  freguencies  of  50C-7C0 
(1Hz  with  the  distance  between  the  adjacent  stations  approxiaatel y  25C 
km.  During  the  subsequent  years  was  outlined  the  transition  tc  the 
tore  high  frequencies  (tc  5CCC-€CCC  HBz)  .  The  range  cf  coaaunicaticn 
as  a  result  of  the  larger  attenoation  during  the  radiowave 
propagation  in  this  case  decreases;  however,  grows  the  capacity  of 
coamunicating  system  and  decrease  the  distortions  of  the  transmitted 
information.  For  the  increase  the  reliability  began  tc  utilize  the 
guadrupled  reception  with  the  spacs  and  frequency  diversities,  and 
also  reception  of  higher  multiplicity  with  the  angular  diversity. 
Appeared  the  aobile  systeas  of  lilitary  radio  coaaunicaticn.  Is 
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conducted  intense  work  cn  the  use  cf  lines  DTE  foe  the  communication 
cf  Earth-aircraft  and  Earta-  ship.  The  development  cf  radic 
engineering  and  alectrcaics  allowed  in  recent  years  tc  construct  the 
line  of  tropospheric  communications  at  frequencies  cf  500-10CC  NHz, 
with  the  distance  between  the  adjacent  stations  tc  800,  and  in  the 
separate  ones,  the  favcrable  ones  according  tc  the  conditions  for 
radiowave  propagation  the  cases,  and  to  10CC  km.  For  this  it  was 
necessary  to  create  radic  traasaitting  equipment  in  pewer  to  TOO  kw, 
antenna  systems  whose  area  approaches  2000  sacare  meters  receivers 
with  noise  temperature  cf  7C-15C°K  and  special  devices  which  improve 
threshold  properties  Chfi.  Usually  width  cf  tard  cf  the  transmitted 
signals  on  the  lines  cf  byperdistant  tropospheric  propagation  (SIR) 
does  not  exceed  100-20C  Bax.  This  lakes  it  pcssible  tc  transmit  by 
them  12-24  telephone  channels. 

Further  possible  aspect  of  the  use  cf  lines  5TR  is  compiling  the 
single-channel  lines  cf  cblast  communication  service  with  the  lew 
energy  parameters.  Calculations  show  that  such  lines  can  be  very 
economical. 

Page  240. 

Together  with  an  increase  in  the  length  cf  the  sections  cf  line 
the  development  of  the  communicating  systems,  which  use  DTR,  fcllcws 
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the  path  c£  expanding  the  hand  cf  the  transaitted  signals.  This  is 
achieved,  in  particulat,  by  the  use  of  the  narrow-beam  antennas; 
although  increases  in  the  energy  parameters  cf  eguipaent  barely 
cccurs,  since  grow  the  lessee  cf  artenna  gain,  the  narrow  beau  cf 
electronagnet ic  energy  provides  saall  tine  lags  between  the  separate 
components  of  the  multiple-pronged  signal  in  the  place  cf  reception 
and,  because  of  this,  saall  distortions.  The  expansion  of 
transmission  band  made  it  possible  to  transait  along  the  lines  DTE) 
the  TV  signals  along  with  sonic  tracking.  There  ar9  reports  about  the 
use  on  the  lines  DTK  of  impulse  coding  modulation,  for  expanding  the 
band  of  frequencies  and  decrease  of  distertiers  during  the  use  of 
remote  tropospheric  propagation  cf  VHP  find  a  use  the  newest  methods 
of  fight  with  the  aulti-teaa  character  by  the  aethed  cf  using  the 
signals  with  the  wide  base*. 

FOOTNOTE  *.  By  signals  with  the  wide  base  or  the  coaposite  signals 
are  called  such  signals  which  have  the  product  cf  the  frequency  band 
to  the  duration  of  one  baud  auch  acre  than  1.  ENDFOCTNOTE. 

§7.2.  Hyperdistant  tropospheric  radio  relay  lines. 

The  studies  of  the  propagation  of  the  waves  of  decimeter  range 
showed  the  possibility  cf  an  increase  in  the  distance  between  the 
relay  stations  of  trcpcspheric  lines  to  60G-1C0C  km.  In  this  case  the 
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space  of  scattering  is  lccated  in  the  stratosphere.  The  mechanism  of 
radiowave  propagation  op  to  such  distances  is  still  insufficiently 
studied;  however,  expedients  shewed  that  amplitude  distribution  cf 
signal  with  the  rapid  fadings  also  obeys  the  law  cf  rayleigh,  the 
distribution  of  signal  with  the  slew  fadings  is  subordinated  tc 
noraally  logaritheic  law;  however,  the  dispersion  of  distribution 
decreases  to  2-2.5  de.  Ibis  leans  that  the  range  cf  the  slow 
fluctuations  of  signal  is  considerably  less  than  on  the  usual  lines 
ETR;  seasonal  bebavicr  cf  attenuation  factor  alsc  is  considerably 
less  than  on  the  usual  lines  DT8.  It  turned  cut  that  the  routes, 
which  pass  above  sea,  are  considerably  better  according  tc 
propagation  conditions  that  the  route  of  the  sa«e  length  above  the 
dry  land  (signal  is  hictec  by  1C-2C  dB) .  Lines  SIR  approach  in  the 
distance  between  the  adjacent  sections  lines  cf  ionospheric 
scattering;  however,  as  a  result  cf  the  considerably  larger 
bread-band  character  a  channel- kilometer  of  line  cf  hyperdistant 
tropospheric  propagation  costs  approximately  1C  times  less  than  on 
the  lines  of  ionospheric  scattering. 

Calculations  for  the  lines  SI B  show  that  with  the  reliability  cf 
communication,  equal  tc  S9.95o/c,  it  is  possible  to  obtain  the  power 
cf  noises  in  the  channel,  which  dees  net  eaezge  beyond  the  lixits  cl 
the  norms  of  HKKR  (witt  the  use  cf  companders,  which  give  8- 1C  dB  of 
gain  in  the  average- minute  power  of  noises  ir  telephone  chancel 
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[7.1  ])  *. 

FOOTNOTE  2.  Companders  ara  snitched  on  in  the  4-wire  circuit  cf 
telephone  channel  and  consist  o f  the  compressors,  which  lower  the 
dynamic  range  of  signal  by  the  transmission,  and  the  eipanders,  which 
restore  it  at  the  reception- E NDf CC1NOTE . 

Page  241. 

Further  increase  in  the  reliability  of  line  can  be  obtained  by  the 
use  of  tracking  in  the  frequency.  The  experiments,  described  in 
[7.2],  [7.3],  showed  that  with  the  scanning  within  the  band  cf 
frequencies  of  150  RHz  always  can  be  found  the  frequency  on  which 
path  loss  will  be  minima.  screcver  this  optisua  frequency  sacothly 
is  moved  within  the  ranee  15C  flHz,  without  leaving  it.  Line  STR  must 
have  for  the  tracking  a  feedback  icop,  according  to  which  tc  the 
transmitting  lead  is  supplied  tfce  informatics  about  the  state  of 
circuit.  In  accordance  with  this  information,  the  frequency  of 
transmitter  smoothly  changes,  remaining  always  at  the  maximua  cf  the 
transaissicn  factor  cf  the  tiepesphere.  Receiver  coctinucusly  is 
adjusted  slightly.  Gain  from  the  use  cf  this  system  of  tracking  is 
equal  to  9-10  dB.  However,  its  use  is  hindered  by  the  need  cf  usinc 
the  very  broad  band. 
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in  increase  in  the  time  lag  between  the  components  of 
multiple-pronged  signal  with  STB  sharply  increases  iu ltiplicati ve 
interferences  and,  therefore,  besides  detericr aticn  in  power 
engineering  of  reception  is  caused  an  increase  in  the  transient 
interferences  with  multichannel  telephony.  Curing  the  transmission  cf 
digital  information  the  "memory"  cf  chancel  limits  the  speed  cf 
transaission,  since  appear  the  inters yabclic  distortions.  However, 
the  capacity  of  multiple-pronged  channel  falls  insignificantly  (to 
17c/o) ;  moreover,  it  can  be  restored  by  the  optimum  methods  cf  the 
transmission  of  information.  All  existing  methods  of  fight  with  the 
multiplicative  interference  can  be,  in  the  principle,  they  are 
divided  into  the  fcllcwicg  groups: 

1.  The  method  of  accumulation,  with  which  are  formed  several 
spears  of  the  received  signal,  differently  affected  ty  multiplicative 
interference.  These  copies  are  combined. 

2.  Method  of  adaptive  reception  by  which  is  made  continuous  cr 
periodic  measurement  of  characteristics  cf  aedium  of  propagation, 
data  of  these  measurements  are  utilized  for  optimization  of  the 
selection  of  signals  ir  the  tracsmission  by  a  method  of  using  of 
informational  feedback  and  optimum  processing  cf  signals  at  the 
reception. 
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3.  Hethod  of  using  cf  amending  codes  and  feedback  after 
solutions  (postdecisio r  feedback). 

The  use  of  one  cr  the  ether  acthcd  is  determined,  cn  one  hand, 
by  the  characteristics  cf  the  communication  channel,  and  another  -  by 
the  transmitted  information  and  by  the  permissible  distortions.  On 
multichannel  tropospheric  SSL  widest  use  feure  the  first  methed,  in 
detail  described  in  chapter  2„  Let  us  examine  here  ether  possible 
methods  in  connection  wita  the  channel  of  hyperdistant  tropospheric 
propagation. 

Let  us  recall  that  th9  multiple-pronged  communication  channel 
can  bu  represented  linear  filter  with  the  variable  parameters,  amerg 
which  necessary  for  further  exaiinaticn  they  are;  maximum  time  jitter 
cf  delay  t„  (width  cf  tha  multi-beam  character  or  the  "memory"  of 
channel),  the  Doppler  expansion  ct  spectrum  f2  (rate  of  fading). 

Page  242. 

These  parameters  are  statistical,  —  can  serve  as  the  measure  for 

TK 

the  correlation  of  signal  fadinc  at  the  fixed  icment  cf  time  t0  at 

the  different  frequencies,  and  — —  -  by  measure  for  the  correlation 

ia 

cf  signal  fading  in  the  time  at  the  fixed  frequency.  Product  ijj  fer 
the  channel  DTR  such  less  than  1. 
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During  the  transmission  at  digital  information  instead  cf  the 
aethods  of  diversity,  presented  in  chapter  2,  are  applied  the 
methods,  based  on  the  possibility  cf  the  sepaiaticn  cf  the  beans  in 
the  place  of  reception.  It  should  be  noted  that  the  representation  of 
received  signal  in  the  fexi  of  the  final  sui  cf  beans  with  asplitudes 
of  i'u  by  phases  <p,  ate  ty  delays  will  completely  agree  with  the 

physical  nature  of  propagation  only  on  the  short  waves.  In  the 
channel  DIB  it  is  not  represented  possible  tc  isolate  one  powerful 
teaa;  however,  nevertheless  the  representation  cf  signal  in  the  fora 
cf  the  final  sui  cf  beats  is  competent.  If,  for  exaaple,  the  band  cf 
transmitted  signal  sfc,  can  be  represented  the  superposition  cf  bears 

with  the  delays  relative  tc:  each  ether,  egual  tc  •— !—  (according  tc 

'c 

Kotelnilcov)  ;  then  a  nuater  cf  divided  beams  is  equal  to  ir,  A/c 
Utilizing  signals  with  the  wide  base  and  correlation  reception  or 
reception  to  the  matched  filter,  it  is  possible  tc  divide  beams  in 
the  tine  of  arrival.  Ir.  tnis  case  the  time  lag  in  each  beam  will 
considerably  less  tK  and,  ccnseguently  decrease  signal  distortion 
and  multiplicative  int er t er e nces.  It  this  case  in  depending  cn  the 
aethods  of  reception  is  possible  either  the  isolation  of  one 
strongest  beaa  or  the  use  cf  several  beams  by  a  metbed  cf  coherent 
reception  and  addition  cl  all  beams  on  the  basis  cf  the  voltage. 
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The  separability  c t  reams  is  connected  with  the  presence  in  of 
widebase  signal  of  the  very  rapidly  dropped  antcccr relation  function. 
If  the  width  of  the  peak  of  the  autocorrelation  function  of  the 
specially  designed  signal  is  lover  than  the  minimum  time  lag  between 
the  beams  and  if  any  method  at  the  point  of  reception  was  determined 
■ost  strong  beam  (or  the  grcup  cf  teams),  ther  simple  autocorrelation 
receiver  will  suppress  all  remaining  beams  bcth  advancing  and 
delaying,  in  accordance  with  the  values  cf  autocorrelation  function 
for  the  time,  equal  to  cclay  factor  of  these  beams. 

The  isolation  of  the  most  powerful  team,  and  also  all  others, 
can  be  realized  by  a  method  cf  the  synchronization  cf  local  signals 
by  each  cf  the  beams.  After  the  separation  cf  beams  it  is  possible  tc 
utilize  entire  energy,  after  forming  them.  Bain  disadvantages  in  such 
systems  are  the  considerable  complication  of  receiving  equipment  and 
the  expansion  of  the  ccccpied  frequency  band. 

Page  243. 

According  to  the  method  of  the  reception  cf  signals  with  the 
wide  base  are  distinguished  ccrrelaticn  reception  with  the  aid  of 
multichannel  correlator  with  the  delay  line  with  outlets  [7.4',  [7.5' 
and  reception  to  matched  filters  [7.6].  In  the  first  case  as  the 
reference  broadband  signal  as  utilized  a  binary  pseudorandom  sequence 
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cf  the  type  of  a  n-seguence  with  the  subsequent  filtration, 
possible  the  use  also  cf  other  pseudoran don  sequences  (multi 
codes  of  Frank,  etc.),  lteir  furdaiental  properties  -  unifor 
the  spectrum  in  the  bread  band,  distinct  oaxitug  cf  autccorr 
function  and  small  peak  factor.  Transition  to  a  B-pcsition  c 
makes  it  possible  in  the  saie  band  to  increase  the  speed  cf 
transmission  to  log2B  tiies  in  cciparisor  with  the  binary  co 
this  case  the  equipment  becomes  complicated  (--fl  cnce).  As  t 
reference  signals  can  be  used  different  fi-sequences ,  and  als 
nultif requency  and  multiphase  aanipulaticns.  Fcr  the  transni 
analog  information  can  be  used  relatively  narrow-band  freque 
modulation  [7.7],  with  this  ChB  signal  in  the  transmission  ( 
the  reception)  it  is  multiplied,  vith  the  reference  pseudoran 
signal.  However,  transiissicn  with  the  aid  cf  KIH  and  a-  mod 
is  considered  as  the  mere  effective  [7.8]  [7.5], 

As  a  serious  problem  is  considered  sync hrenizatien  both 
and  intrabaui.  Although  broadband  signals  thesselves  possess 
time  resolution,  the  realizaticr  of  these  properties  for  the 
resolution  of  multi-team  character  requires  the  ccrrespondin 
accuracy  synchronization.  Iher6  are  also  great  difficulties 
the  actual  realizaticn  cf  the  broadband  line  cf  delay  and  se 
circuit  with  the  netting. 
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aith  the  reception  to  the  aatched  filters  usually  is  utilized 
intra-pulse  linear  frequency  aodulaticn,  fcr  exaaple,  with  the  aid  cf 
the  dispersive  ultrasonic  delay  line.  Otilizirg  linear  Chn  with  the 
opposite  slope,  it  is  possible  tc  transait  tirary  signals.  At  the 
reception  the  Hatched  filter  is  analogous  tc  trarsmission  delay  line. 

Systens  with  widetase  signals  solve  aulti-teaa  character  cn  the 
base  of  the  analysis  of  the  pulse  reaction  cf  the  ccamunicaticn 
channel,  i.e.,  is  utilized  the  equivalent  acdel  of  channel,  based  cn 
the  selective  values  of  its  pulse  reaction.  Hcwever,  it  is  possible 
to  utilize  the  equivalent  acdel  of  channel,  based  cn  the  selective 
values  of  the  transfer  functicn  cf  the  channel  (in  that  case  it  is 
convenient  to  speak  not  aheut  the  lalti-beaa  character,  but  about  the 
selective  fadings).  Foriing  in  the  transaissicn  the  ■ ulti f re auency 
signal,  coaprised  of  the  cuts  cf  sinusoids,  ard  aeasuring  at  the 
reception  of  anplitude  acd  phase  cf  these  frequencies,  and  then 
coherently  storing  thea,  we  will  obtain  the  cptiiun  systea,  which 
generates  at  the  reception  adaptation  or  aeascresent  and  account  of 
objective  paraneters.  Per  characteristic  aeasureaent  of  the  circuit 
cf  propagation  can  be  utilized  either  special  signals,  as  fcr 
instance,  in  the  systei  with  test  pulse  [7.10',  cr  inforaaticnal 
signals.  As  the  test  pulse  it  is  ccnvenient  tc  utilize  a  pulse  with 

"n 

IP B  [7.11]. 


DOC 


80025114 


F  AGE 


Page  244. 


As  a  whole  optimum  receiver  rates  the  state  of  channel  ard 
optimizes  its  character istics  (reference  signals).  This  optiiiza 
possible  to  produce  not  only  at  receiving  end,  but  also  on  that 
transmitting,  utilizing  a  return  auct.  Cr  many  lines  cf 
communications  to  organize  similar  channel  is  simple.  Analyzing 
received  signal,  it  is  possible,  for  example,  it  is  simple  to  ch 
the  power  cf  transmitter  into  the  cycle  with  the  fading. 
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Above  has  already  teen  indicated  that  in  the  feedback, 
periodically  by  investigating  large  frequency  band  and  by  selecting 
optimum  transmitting  frequency,  it  is  possible  to  obtain  considerable 
gain.  This  gain  depends  cn  the  band,  occupied  by  informational 
signal,  and  on  the  accuracy  cf  the  resolution  cf  the  signal  cf 
sounding  in  the  frequency.  This  method  is  equivalent  to  diversity  in 
the  frequency  with  the  autciatic  selection;  however,  the  order  of 
diversity  is  defined  bj  both  the  interval  of  correlation  by  frequency 
and  by  accuracy  cf  resolution  or  by  number  cf  the  frequencies  being 
investigated  in  the  measuring  signal  (cne  should,  true,  note  that 
during  the  automatic  selection  with  an  increase  in  the  order  cf 
diversity  the  gain  increases  slowly,  and  furthermore,  with  ar 
increase  in  the  band  cf  inf  cr  la  t  ic  ral  cc  nun  ica  ticn  gain  frci  the 
work  at  the  optimum  freguency  rapidly  falls),  fundamental  difficulty 
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-  to  ensure  sweeping  this  large  frequency  band.  In  the  sections  STB 
with  the  large  tine  lac  cf  beams  r, .  probably,  it  will  prove  to  be 
sufficient  to  investigate  t be  communication  channel  in  the  band  cf 
frequencies  of  20  MHz.  in  this  case  is  possible  the  simultaneous 
transmission  of  measuring  and  infcraational  signals,  moreover  for  the 
transmission  cf  information  it  is  possible  to  utilize  analogous 
methods  of  modulation,  lcr  example,  frequency,  and  as  the  reference 
noise-liJce  signal  with  the  uniform  spectrum  it  the  band  2C  KHz 
[7.12].  In  the  process  cf  worm  at  receiving  erd  at  cf  processing 
measuring  signal  is  evaluated  tie  state  cf  channel  in  entire  range 
and  is  selected  the  optimum  frequency  whose  value  is  coded  and  is 
transmitted  by  the  charnel  of  feedback.  In  the  principle,  the 
resolution  of  measuring  signal  can  be  made  very  large;  however,  the 
gain  of  this  method  wholly  depends  on  the  statistical  properties  of 
channel  STB. 

In  the  systems  by  the  return  duct  of  communications  it  is 
possible  to  change  net  ccly  the  frequency  cf  transmitter,  but  also 
deviation  (in  the  case  Chfl) ,  number  of  cbantels,  power  of  transmitter 
or  everything  simultaneously.  Fundamental  peculiarity  -  possibility 
cf  the  transmission  of  analog  information,  in  contrast  to  the 
previous  systems,  which  transmit  only  digital  information. 


Use  of  discreteness  and  guantizaticc  of  analcg  information 
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i.e.,  transition  and  tc  digital  information,  gives  the  possitility  tc 
■atch  the  speed  c£  transmission  cf  inforiaticr  kith  the  passband  of 
circuit  during  the  use  cf  usual  narrow-band  nethcds  cf  modulation. 
This  is  possible,  for  exaaple,  by  the  aethcd  cf  splitting  of  channel 
with  the  high  rate  tc  c  cf  parallel  channels  (with  their  diversity  in 
the  time  and  the  frequency)  with  the  speed  cf  t ra ns u issio n ,  tc  n  cf 
times  of  less.  Are  possible  use  and  ault ipcsiticn  codings. 

Page  245. 

To  promisingly  utilize  multicharnel  system  where  in  the  sub-channels 
are  utilized  the  aultipcsiticn  cedes.  In  this  case  the  equipment 
possesses  large  flexibility,  since  under  the  peer  conditions  for 
propagation  it  is  easy  tc  increase  the  order  cf  the  diverse  reception 
due  to  a  decrease  in  the  velocity  cf  traesmissien  [7.13]. 

Work  on  the  introduction  cf  the  enuaerated  above  methods  cf 
fight  with  the  multi-beam  character  into  the  practice  of  lines  SIR  is 
very  intensely  conducted  both  tc  tte  USSR  and  abroad. 

§7.3.  Transmission  of  TV  signals  along  the  lines  DTR. 

Energy  calculations  show  that  the  transmission  cf  the  signals  of 


television  is  possible  up  to  the  distance  between  the  adjacent 
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stations  200-240  km  with  tbe  antennas  with  amplification  CA  =50  by 
dB,  on  the  power  of  transaitter  P3j=3-1C  k «  and  to  the  noise 
temperature  of  receiver  cf  3CC-400°K.  First  experiments  in  the 
transaission  of  television  cn  the  tropospheric  radio  channel  were 
conducted  in  1953-1955.  However,  the  operating  television  lines  DTE 
to  1966  it  is  counted  unit,  and  they  all  are  located  in  the  areas  cf 
good  conditions  for  radicwave  propagation  (afccve  sea  and  in  tbe  areas 
with  the  warn,  hunid  climate).  Ibis,  apparently,  it  is  explained  by 
the  difficulties,  which  appear  as  a  result  cf  transaitter  distortions 
cf  television  along  the  acitiple-pronged  chancel.  The  presence  cf 
rapid  and  slow  fadings  leads  with  ChH  to  changes  in  the  noise  level 
in  the  television  channel.  Ite  use  of  the  diverse  reception  and  the 
high  energy  potential  cf  television  lines  DTE  considerably  decrease 
the  effect  of  fadings  cn  tbe  iaage.  The  xultiple-prcnged  structure  cf 
signal  leads  to  the  distortions  of  the  fora  cf  TV  signal.  Here  should 
be  distinguished,  in  the  first  place,  the  distortions  of  the  signals 
of  the  synchronizations,  which  call  the  disruptions  cf 
sy nchronization  in  the  rows  (but  sometimes  also  cn  the  frames).  Fcr 
dealing  with  this  phenciencc  must  be  used  special  eguipnent  fcr  the 
regeneration  of  the  sigcais  cf  synchronization,  which;  a)  restores 
the  timing  pulses,  which  are  cnanged  in  the  value  and  which  have 
distorted  front;  b)  restores  the  e itingu ishi rg  pulses,  moreover  it 
provides  their  independent  adjustment;  c)  produces  the  joining  of 
videosignal  on  level  of  "tlacn". 


removing  lcw-frequency  distortions 
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and  alternating-current  bum.  Secondly,  as  a  result  cf  the  ecfcc 
signals  on  the  iaage  accepted  appear  the  edging  alsc  cf  plastic.  Per 
eliminating  this  phencffercn  cn  the  lines  DTS  can  ta  applied  special 
correctors  with  the  autcsatic  ccrrection.  Automatic  tuning  in  them 
must  it  is  conducted  with  the  aid  cf  the  signals  cf  the  experimental 
row,  transmitted  simultaneously  with  signal  and  that  intended  for 
cperational  quality  ccntrol  cf  the  interurban  telecasts  (for  more 
detail  see  [7.14]). 

Page  246. 

And  finally  thirdly,  fer  dealing  with  the  fluctuations  of  overall 
line  attenuation  in  the  charnel  cf  tropospheric  line  in  the 
television  equipment  must  be  provided  the  device  of  the  statilizaticn 
of  the  level  of  TV  signal. 

The  transmission  cf  the  sccic  tracking  cf  television  by  the 
methods,  used  on  the  usual  lines  B8L-  Chs  at  the  sub-carrier 
frequency,  is  very  difficult  as  a  result  of  the  presence  of  selective 
fadings  and  need  in  this  case  of  the  considerable  expansion  cf  the 
band  of  circuit.  Therefore  cn  the  tropospheric  television  lines  it  is 
expedient  to  utilize  a  tiae-division  multiplex  cf  the  line 
synchronizing  and  extinguishing  pulses  by  the  signals  cf  sonic 
tracking  [7.15].  Supplying  in  the  interval  cf  back  stroke  two 
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nodulated  pulses. 


it  is  possible 


tc  ensure  the  transmission  of  sonic 


tracking  with  the  band  tc  1i  kH2. 
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